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General comments:  Well written 
 
Major compulsory revisions: none 
 
Minor essential revisions: 
 
Discretionary revisions: 
Page 8, line 8 – not sure if this is 500,000 cases/year worldwide or in the US (i.e., both worldwide and US have been 
mentioned in this section) – but I would guess this is the worldwide figure 
 
Page 11 – Discussion – probably mentioned elsewhere in the volume, but is it worth reminding people where the 
centers are located (i.e., instead of saying ‘the Centers’, it might be useful to say ‘the Centers (Miami, Woods Hole, 
Seattle, Hawaii)’  
 
Page 13, lines 10 and 11 – this phrase seems to have too many (or too few?) words? …  scientists have found varied 
bacterial assemblages differ associated with each Pseudo-nitzschia species  
 
Page 13 – excellent review of bacteria and Pseudo-nitzschia.  I wonder if it would be helpful to at least mention similar 
problems/issues with other species (nothing long – just the fact that P-n is not unique – and then a reference or two 
for each HAB species for which there is corresponding algal-bacterial data)? 
 
Page 18 – blooms should not be plural in -- Maintaining these programs will be a challenge, 
but they provide critical information not just for our conceptual understanding of blooms 
dynamics…  
 
Page 20, second paragraph – I wonder if many readers will have to stop reading and ask – now what was DA?  In 
other words, why not write out ‘domoic acid’ at least once in this section, as it has been a while since it was 
mentioned? 
 
Page 21 – is the following sentence needed here – genetic diversity was covered above:   
“This implies that the underlying genetic structure of the population may have a profound effect on the potential 
toxicity for a given bloom.” 
 
Page 21 – is it worth providing a short description of the Slocum glider (i.e., something like – a small, unmanned, 
inexpensive system that allows remote 24/7 monitoring via onboard sensors)? 
 
Page 22 – a brief definition of ‘CTD’ may be helpful to the non-oceanographically inclined. 
 
 
Page 26 – top paragraph – this sort of comes out of the blue – “In the ongoing pilot project, a 
subset of genes were identified that were differentially expressed in the vertebrate central 
nervous system in response to sub-acute DA exposure.”  
This sentence, referencing a pilot project, reads more like a grant proposal than a review (i.e., it looks like a cut/paste 
to me, which I have done many times and can sometimes correctly spot in manuscripts).  What is the ongoing 
project?  What does it involve?  More zebrafish?  Humans?  
 
Page 27 – where was the Gambierdiscus model generated?  It seems important to tell people that this was in 
_____________ (Hawaii?  Florida Keys?). 
  
Page 28 – data were collected near an island.  Which one?  Where?   
 
Figure 3 – Hawaii is mentioned in the Figure legend (but not the text), so I now know the answers to the two previous 
questions.  In reality, this will be easier to follow in the final version, as the figure will be close to the text, not 20 odd 
pages down on separate pages as in these pre-publication versions.  When will editors finally start letting us put 
figures in the text of submitted manuscripts???? 
 
Figure 3 - The figure legend says the model is for ‘in vitro growth performance’ and the y axis is labeled ‘abundance’ – 
these two don’t match – but maybe ‘rank abundance’ is the key part, which would need explanation (BRIEF). 
Page 30 – is the following really a part of ‘modeling’ or should it be included elsewhere: 
Information about K. brevis and its effects on humans is routinely presented in newspapers and radio stations along 
the west coast. Many tourist hotels along the beach also voluntarily provide such information, as tourists are much 
less aware of Florida’s red tide than the local residents. Daily updates on the location of blooms are often posted on 
beaches, as well as websites, newspapers and radio stations, as K. brevis can have a major impact on people’s lives 
and how they may want to change their plans for the day. A toll-free hotline (888-232-8635) is available for people to 
report any effects they have felt or to ask questions about Florida’s red tide. In the future, poison information center 
and other human health surveillance data as well as real-time monitoring by lifeguards on beaches will be 
incorporated into the system [96]. 
 
Page 30 – no comma needed after response in  … behavior of the cysts and cells in response, to light, …   
 
  
Editors-in-Chief 
Philippe Grandjean and David 
Ozonoff
 
Title  Centers for Oceans and Human Health: a unified approach to the challenge of 
harmful algal blooms 
Author(s) Erdner  et al.  
Referee’s name  Kelly Rein 
 
 
This manuscript is a review article which presents an overview of HAB research which is currently being conducted at 
the Centers for Oceans and Human Health. These include the four NSF/NIH sponsored centers and the three NOAA 
centers. This manuscript provides a fairly comprehensive overview of the challenges that HAB researchers are 
currently addressing. While fairly comprehensive, the manuscript missed a couple of points that deserve mention; 
 
There are a number of other HAB toxins that were not mentioned as they are not yet under investigation by Center 
researchers. These include the DSP toxins and azaspiracids (which are not major issues in the US, yet) and 
cylindrospermopsin.  
 
There have been some advances in biosynthetic studies. Kobayashi has identified a PKS pathway from an 
Amphidinium which may be responsible for the biosynthesis of one or more of the amphidinolides. While these are not 
HAB toxins, they may provide some insight into the biosynthesis of other dinoflagellate derived polyketides. 
 
The Nieland group has made some progress in the biosynthesis of saxitoxins in cyanobacteria. 
 
Bacteria have long been thought to play some role in toxin biosynthesis. Some of this recent work might be worth 
mentioning as well.  
 
The authors state that it is unlikely that a dinoflagellate genome will be sequenced anytime soon because of the large 
genome size. However, there has been a recent effort to sequence the Symbiodinium genome partly because of its 
small(er) size. I believe that this effort is currently underway. 
 
 RESPONSE TO REVIEWS 
 
10 July 2008 
 
Editorial Board 
Environmental Health 
 
 
To the editorial board, 
 
Thank you for your time and efforts in the review of our manuscript.  We appreciate the comments of the two 
reviewers and have revised the manuscript accordingly.  Below we have provided a detailed response to each 
comment, including: 
 
a. the reviewer's specific comment (italicized); 
b. our response to the comment; 
c. an excerpt of the full altered text, and where it appears in the manuscript 
 
We look forward to your final decision on the manuscript. 
 
Sincerely, 
 
 
 
Deana L. Erdner 
 
 
RESPONSE TO REVIEWER 1.  
 
General comments:  Well written 
Major compulsory revisions: none 
Minor essential revisions: 
Discretionary revisions: 
 
1a) Page 8, line 8 – not sure if this is 500,000 cases/year worldwide or in the US (i.e., both worldwide and US have 
been mentioned in this section) – but I would guess this is the worldwide figure 
b) This text has been revised to clarify that the number refers to worldwide cases per year. 
c) “The frequency of CFP is estimated at 500,000 cases per year worldwide [10-12], and records from various Pacific 
locales suggest that over 80-96% of human fish poisonings are due to CFP.” (P. 8 lines 7-9) 
 
2a) Page 11 – Discussion – probably mentioned elsewhere in the volume, but is it worth reminding people where the 
centers are located (i.e., instead of saying ‘the Centers’, it might be useful to say ‘the Centers (Miami, Woods Hole, 
Seattle, Hawaii)’ 
b) The names of the seven OHH Centers (4 NSF/NIEHS and 3 NOAA OHH) were specifically not listed in the 
manuscript.  Because two of the Centers are located in Seattle, we declined to list the locations to avoid confusion.  
The sentence has been modified to reiterate that there are seven Centers. 
c)  “While the organisms and environments may be diverse, all of the seven Centers employ a similar strategy for the 
study of HABs.” (p.11, lines 6-7) 
 
3a)  Page 13, lines 10 and 11 – this phrase seems to have too many (or too few?) words? …  scientists have found 
varied bacterial assemblages differ associated with each Pseudo-nitzschia species 
b)  This section has been edited to improve its clarity.  As part of those changes, that sentence has been revised as 
shown below. 
c)  “Using this method, Center scientists found that Pseudo-nitzschia species host significantly different bacterial 
assemblages.  Furthermore, bacterial assemblages associated with species capable of high toxin production differed 
significantly from those associated with species with low toxin production.” (P.14 lines 2-5) 
 
4a) Page 13 – excellent review of bacteria and Pseudo-nitzschia.  I wonder if it would be helpful to at least mention 
similar problems/issues with other species (nothing long – just the fact that P-n is not unique – and then a reference 
or two for each HAB species for which there is corresponding algal-bacterial data)? 
b) As suggested by the reviewer, text has been added to emphasize that algal-bacterial associations have been 
identified in a variety of HAB species. 
 c) “Specific relationships have been described between bacteria and other HAB-forming species (Alavi et al. 2001, 
Jasti et al. 2005, Mayali and Doucette 2002).” (P. 13 lines 16-17) 
 
5a)  Page 18 – blooms should not be plural in -- Maintaining these programs will be a challenge, 
but they provide critical information not just for our conceptual understanding of blooms 
dynamics…  
b)  The sentence has been revised as shown below. 
c)  “Maintaining these programs will be a challenge, but they provide critical information not just for our conceptual 
understanding of bloom dynamics, but also for the development and testing of mechanistic models of blooms.” (P.19 
lines 16-18) 
 
6a)  Page 20, second paragraph – I wonder if many readers will have to stop reading and ask – now what was DA?  
In other words, why not write out ‘domoic acid’ at least once in this section, as it has been a while since it was 
mentioned? 
b)  The term “DA” has been replaced with “domoic acid”, in both sentences where it occurs in the paragraph. 
c)  “Collaboration has also led to the development of a HAB sensor prototype for the detection of domoic acid, based 
on a portable surface plasmon resonance (SPR) biosensor.  Center scientists raised antibodies raised against domoic 
acid, which were used to develop competition-based assays for a portable 6-channel SPR system designed by 
another Center [78]. (P.20 lines 22-23, P.21 lines 1-2) 
 
7a)  Page 21 – is the following sentence needed here – genetic diversity was covered above:  
“This implies that the underlying genetic structure of the population may have a profound effect on the potential 
toxicity for a given bloom.” 
b)  We have opted to retain this statement in the text.  The intent of the sentence is to remind readers that the toxicity 
of a bloom can be determined by genetic composition or environmental factors, but that results of Center studies 
using molecular tools indicate that the former seems more important for toxicity.  The sentence has been amended, 
however, to indicate that the genetic analysis was done under the auspices of an OHH Center, as requested by 
Reviewer 2.  
c)  n/a 
 
8a) Page 21 – is it worth providing a short description of the Slocum glider (i.e., something like – a small, unmanned, 
inexpensive system that allows remote 24/7 monitoring via onboard sensors)? 
b) The sentence has been revised, and the term “Slocum glider” was replaced with the more general description given 
below. 
c) “HAB scientists are studying toxic red tides that occur in the Gulf of Mexico using an optical sensor fitted onto an 
inexpensive, unmanned underwater glider that can collect continuous profiles of the water column and its 
characteristics  [86] (P.22 lines 10-12) 
 
9a) Page 22 – a brief definition of ‘CTD’ may be helpful to the non-oceanographically inclined. 
b)  The sentence has been modified to include a description of “CTD”. 
c) “While such systems are emerging [87-89], it is not likely in the short term that they will provide data at rates 
comparable to those of physico-chemical sensors, such as the combination conductivity, temperature and depth 
profilers (CTD) that are routinely deployed from research vessels. “ (P.23 lines 1-4) 
 
10a) Page 26 – top paragraph – this sort of comes out of the blue – “In the ongoing pilot project, a subset of genes 
were identified that were differentially expressed in the vertebrate central 
nervous system in response to sub-acute DA exposure.” 
This sentence, referencing a pilot project, reads more like a grant proposal than a review (i.e., it looks like a cut/paste 
to me, which I have done many times and can sometimes correctly spot in manuscripts).  What is the ongoing 
project?  What does it involve?  More zebrafish?  Humans? 
b)  This paragraph has been revised to improve clarity.  The first sentence was changed to specify that Center 
researchers are studying sub-acute DA exposure.  Further, the sentence that began “In the ongoing pilot project… ” was 
revised as shown below, in order to introduce the pilot project. 
c)  “Center researchers are also examining the effects of sub-acute domoic acid (DA) exposure on gene expression in 
the vertebrate central nervous system using the zebrafish model system.” (P.26 lines 1-2) 
“A joint pilot project between two Centers used a zebrafish microarray to identify a subset of genes that were 
differentially expressed in the vertebrate central nervous system in response to low level (asymptomatic) DA 
exposure.” (P. 26 lines 15-18) 
 
11a) Page 27 – where was the Gambierdiscus model generated?  It seems important to tell people that this was in 
_____________ (Hawaii?  Florida Keys?). 
 
12a) Page 28 – data were collected near an island.  Which one?  Where?  
  
13a) Figure 3 – Hawaii is mentioned in the Figure legend (but not the text), so I now know the answers to the two 
previous questions.  In reality, this will be easier to follow in the final version, as the figure will be close to the text, not 
20 odd pages down on separate pages as in these pre-publication versions.  When will editors finally start letting us 
put figures in the text of submitted manuscripts???? 
 
14a) Figure 3 - The figure legend says the model is for ‘in vitro growth performance’ and the y axis is labeled 
‘abundance’ – these two don’t match – but maybe ‘rank abundance’ is the key part, which would need explanation 
(BRIEF). 
11-14b) This section has been revised to clarify the results in Figure 3 and the information upon which the model is 
based.  The revised text is given below.  Figure 3 has been replaced with an updated version that shows the 
relationship between predicted abundance and actual abundance, and the figure legend has been revised to reflect 
this. 
11-14c) “Center research generated two of three years of environmental monitoring data on in situ temperature, 
salinity, DIN, phosphate, and light that were incorporated into a series of regression equations to simulate seasonal 
patterns in these variables for the leeward and windward sides of the island of Hawaii.  Cultured isolates were used to 
determine the physiological response curves of Hawaiian Gambierdiscus to different temperatures, nutrient 
concentrations, light, and salinities.  These response curves were coupled with the seasonal patterns of the 
environmental variables in a Gambierdiscus population dynamics model.  The model results were then compared to 
actual Gambierdiscus abundance data collected over the three year period at leeward and windward sites on the 
island of Hawaii to assess its accuracy and realism;  preliminary results are shown in Figure 3.  In future modeling 
efforts, the environmental parameters will be subjected to randomized fluctuations (within measured variability) to 
study the various conditions that can cause a “bloom” of Gambierdiscus and a possible, subsequent outbreak of 
CFP.” (P.28 lines 12-24)  
“Preliminary results of a model simulating Gambierdiscus cell abundance (per cm
3 of substrate) versus actual 
Gambierdiscus abundance (monthly-averaged over a three-year period) for the leeward side of the island of Hawaii 
over a one-year period (365 Julian Days).” (Figure 3 legend). 
 
 
15a) Page 30 – is the following really a part of ‘modeling’ or should it be included elsewhere: 
Information about K. brevis and its effects on humans is routinely presented in newspapers and radio stations along 
the west coast. Many tourist hotels along the beach also voluntarily provide such information, as tourists are much 
less aware of Florida’s red tide than the local residents. Daily updates on the location of blooms are often posted on 
beaches, as well as websites, newspapers and radio stations, as K. brevis can have a major impact on people’s lives 
and how they may want to change their plans for the day. A toll-free hotline (888-232-8635) is available for people to 
report any effects they have felt or to ask questions about Florida’s red tide. In the future, poison information center 
and other human health surveillance data as well as real-time monitoring by lifeguards on beaches will be 
incorporated into the system [96]. 
b)  This text deals with Florida’s efforts to forecast or predict bloom impacts along the coast.  Because the section is 
dedicated to the “Development of models and prediction capabilities” we have opted to leave the text in this 
section. 
c) N/A 
 
16a) Page 30 – no comma needed after response in  … behavior of the cysts and cells in response, to light, …  
b)  The extraneous comma has been removed. 
c) “This provided information on the behavior of the cysts and cells in response to light, nutrients, and temperature.” 
(P. 31, lines 12-13) 
 
 
 
RESPONSE TO REVIEWER 2 
 
General comments: 
Major compulsory revisions: 
Minor essential revisions: 
 
1a) The authors describe the microcystin pathway as “ten gene clusters”. This is incorrect. The microcystin pathway is 
a single cluster of ten genes. 
1b) The text has been changed to correct the description from “ten gene clusters” to “a cluster of ten genes”. 
1c) “Other researchers have previously identified the genetic pathway for microcystin synthesis, which includes a 
cluster of 10 genes encoding polyketide synthases and peptide synthetases [42].” (P.21 lines 11-13) 
 
Discretionary revisions: 
  
2a) There are a number of HAB toxins that were not mentioned as they are not yet under investigation by Center 
researchers.  These include the DSP toxins and azaspiracids (which are not major issues in the U.S., yet) and 
cylindrospermopsin. 
2b) As the Centers are focusing on HAB issues in the U.S., the DSP toxins and azaspiracids were not mentioned.  
However, cylindrospermopsin was added to the text in the discussion of toxin biochemical pathways. 
2c) “One of the biggest gaps is the lack of information about the biochemical pathways for toxin synthesis, especially 
in eukaryotic HAB species.  Several genera of cyanobacterial produce different toxins, and researchers have 
completely described the multi-gene systems for the synthesis of microcystins [42] and cylindrospermopsin [43].  A 
saxitoxin gene cluster has been recently identified in cyanobacterial [44] although the genes for saxitoxin synthesis in 
dinoflagellates remain elusive.  Similarly, none of the genes involved in the synthesis of ciguatoxins, brevetoxins, or 
domoic acid have been conclusively identified.   A set of polyketide synthase genes that may direct the synthesis of 
the cytotoxic amphidinolides has been identified from the dinoflagellate Amphidinium [45]; knowledge of their 
sequence and function may assist in the elucidation of genes involved in the synthesis of other dinoflagellate 
polyketide toxins, such as brevetoxins or ciguatoxins.  The lack of information for eukaryotic HABs may also soon 
change as a result of efforts by the broader HAB research community to develop genomic resources for HAB 
species.” (P. 12 lines 8-20) 
 
3a) There have been some advances in biosynthetic studies.  Kobayashi has identified a PKS pathway from an 
Apmhidinium which may be responsible for the biosynthesis of one or more of the amphidiniolides.  While these are 
not HAB toxins, they may provide some insight into the biosynthesis of other dinoflagellate derived polyketides. 
3b) The work of Kobayashi was added to the text in the discussion of toxin biosynthetic pathways. 
3c) Please see 2c) above for the revised text. 
 
4a) The Neiland group has made some progress in the biosynthesis of saxitoxins in cyanobacteria. 
4b) The description of the saxitoxin genes in cyanobacterial is a significant development that was reported in the last 
month.  Thus, it was not included in the previous draft but has now been added to the section on biosynthetic studies. 
4c)  Please see 2c) above for the revised text. 
 
5a) Bacteria have long thought to play some role in toxin biosynthesis.  Some of this recent work might be worth 
mentioning as well. 
5b) The role of bacteria in toxin synthesis is still a somewhat controversial topic.  To adequately address the issue, 
the authors felt that it would need a significant addition to the text.  Because it is not a focus issue for Center 
research, we elected to not add additional discussion of the bacterial toxin synthesis or bacterial-dinoflagellate 
interactions. 
5c) No changes were made to the text. 
 
6a) The authors state that it is unlikely that a dinoflagellate genome will be sequenced anytime soon because of the 
large genome size.  However, there has abeen a recent effort to sequence the Symbiodinium genome partly because 
of its small(er) size.  I believe that this effort is currently underway. 
6b) The text has been revised as follows, to include information on this recent effort and its potential implications for 
the genome sequencing of a toxic dinoflgellate. 
6c) “The dinoflagellate Symbiodinium has a relatively small genome, ca. 2 pg, and investigatory genome sequencing 
of this organism is currently underway 
(http://genome.wustl.edu/genome.cgi?GENOME=Symbiodinium%20sp.&SECTION=research). 
Although this genus is not toxic, the genome sequences from this dinoflagellate, along with the development of new, 
ultra-high throughout sequencing technologies, are encouraging advances that make the prospect of a full genome 
sequence for a toxic dinoflagellate more likely.” (P.14 lines 13-19) 
  
Editors-in-Chief 
Philippe Grandjean and David 
Ozonoff
 
Title  The coastal environment and human health: microbial indicators, pathogens, 
sentinels and reservoirs 
Author(s) Stewart  et al.  
Referee’s name  Ali Boehm  
 
General comments: 
 
The paper is a great review of advances in the field of oceans and human health, and also describes specific 
recommendations for future research. The review covers  exogenous and endogenous human pathogens in marine 
waters, marine sentinels of human health, detection techniques for pathogens and the need for better means of 
identifying virulent bacteria. The authors also provide criticisms of the current USEPA policies for protection of 
recreational swimmer health. This paper is not original research, but it is an important review that will likely be highly 
cited.  
 
Discretionary revisions: 
1.Pg 6 discussion of ambient indicators. The authors should consider adding a couple sentences to discuss ways / 
methods for identifying appropriate alternative indicators. How much research needs to be done before a new 
alternative indicator can begin to be used? There is no mention of library-dependent methods. If the authors believe 
such methods have fallen out of favor, it may be appropriate to mention this here. Alternatively, the authors could 
reference a recent review by Field in Water Research (2007 issue devoted to MST) that discusses various source 
tracking tools. Human viruses could also be mentioned as alternative indicators. 
 
2. Fig 1. This is a great figure. How would pathogens from animals or wildlife, that receive no “treatment” fit into the 
diagram? Do the boxes below the exogenous pathogen sources that say “treatment” imply that all these waste 
streams receive some sort of treatment? It may help to explicitly state in the figure caption what is meant by point and 
non point sources. Keep in mind that the EPA has its own policy-based definition of point and non-point that may not 
match with how a scientist may classify different sources (for example, I believe the EPA classifies CAFOs as point 
sources). If the classification does not match EPA classification, it would be good to mention it. Would it possible to 
show some arrows in the “marine/estuarine waters” box that illustrate the exchange of genetic information / virulence 
genes between exogenous pathogens and marine organisms? This is one potential way for organisms in marine 
waters to acquire toxin genes, cholera or shiga-toxin, for example and could lead to the development of new 
pathogens. Finally, I am not sure that the “treatment factors” bubble fits with the “physical, chemical and biological 
factors” bubbles. Treatment factors would consist of physical, chemical or bio factors. What sort of treatment do you 
envision being carried out in marine and estuarine waters? I would imagine that in situ treatments could end up 
harming ecosystem health. Regarding BMPs, I would be interested to read which BMPs are relevant for l pathogen 
removal from non-point sources. My understanding is that this is an area that is severely understudied.  
 
Fig. 2. Another nice figure. Microscopy (FISH) is another detection technique that may be relevant. The authors, in the 
text, send a strong message that efficiencies and controls need to be included and considered during molecular 
detection to clearly define effects of inhibition and detection limit. This is an important message to the community, as 
many authors are still omitting these important details in their studies. Would it be possible to incorporate somehow 
into this figure these ideas? For example, the authors could include some measure of efficiency and control for each 
box?  
 
“Pushing the limits of DNA microarray” box. 0.05% of the natural bacterial population is 5 out of 10^5.   
How does this number compare to the number of pathogens that would need to be detected to observe an 
“epidemiologically relevant” concentration? How much improvement (if at all) is needed in microarray detection 
technology before we can use microarrays for exogenous pathogen monitoring? For example, say that we assume 
that a swimmer ingests 100 ml of water and the infectious dose of E. coli O157 is 100 cells. This means that in order 
to detect this health threat, we need to detect 1 cell in 1 mL of water. Assuming the water as 10^6 bacteria per mL, 
this means we need to detect 1 cell of E. coli O157 in 10^6 cells to adequately measure this risk. Which would imply 
that we need to improve microarray sensitivity by about  ½ an order of magnitude for risk-relevant surveillance of this 
organism. If this example had been done with a bacterium that  has a lower infectious dose (say 1 cell) then the 
sensitivity of the microarray would need to be improved 3 orders of magnitude to provide appropriate levels of risk 
 surveillance. An example like this included in the box would help illustrate how much work we need to do to improve 
sensitivity of microarrays for pathogen monitoring. 
Minor comments 
 
Pg 12. It is mentioned that in some cases highly bioactive secondary compounds “augment the chemical behavior of 
other chemical and biochemical processes”. I do not understand this sentence. Can the authors elaborate? Or provide 
an example?  
 
Pg 14. “Vibrio cholera” should be “Vibrio cholerae” 
 
Pg 17. First sentence below box on tidal creeks. Should read “While use of sentinel … ” 
 
Pg 18. Section on Zoonotics. Discussion of salmonellae are omitted although these are also important zoonoses. In 
the second sentence, are the authors referring to human pathogens? Should the sentence read “… viral, fungal, and 
protozoal human pathogens … ”. Overall, I found this section on marine mammals and birds to be very interesting.  
 
Refs: Authors are encouraged to look through their refs to make sure that species names are capitalized  italicized. 
Also, I will point out one reference that is incorrect. Yamahara et al. was published in ES&T not AEM.  
 
  
 
Editors-in-Chief 
Philippe Grandjean and David 
Ozonoff
Title  The coastal environment and human health: microbial indicators, pathogens, 
sentinels and reservoirs 
Author(s) Stewart  et al. 
Referee’s name  Sam Telford Tufts  
 
 
These comments comprise discretionary revisions that would greatly improve the manuscript and lend it 
more credibility with those more versed in public health aspects. 
 
This ambitious review by Stewart and colleagues attempts to provide arguments for expanding surveillance of large 
bodies of water for their potential to serve as sources of emerging infections.  The authors rightly point out that for the 
most part, public health targeted sampling of water has focused on the simplistic estimation of coliform burdens.  
Modern molecular diagnostics could greatly enhance surveillance, including improvement of the sensitivity of 
detection as well as describing the diversity of potential infectious agents and identifying the sources of 
contamination.  These points are well taken but overall the manuscript would benefit from critical discussion of only a 
few of the 7 topics that are presented.  Focusing on current water quality testing, direct pathogen detection (and a 
limited expansion into a search for virulence factors), and the use of mollusks as sentinels would greatly strengthen 
the paper. The likelihood that bodies of water serve to dilute, buffer or otherwise act as sinks for potentially risky 
agents (e.g., sequestering cryptosporidium within mussels) is poorly explored and would balance the general 
philosophy in this review that bodies of water should be monitored for the potential risk to human health.  Other 
sections (nonenteric infections, zoonoses) are much weaker and less well argued. 
 
There are some imprecise concepts presented relating to infectious disease biology.  Most of the agents that are 
discussed are normal elements of the fauna or flora of a particular ecosystem, but have the capacity to infect and 
cause disease in some hosts under some circumstances.  As an example:  The freeliving amoebae (Naegleria, 
Balamuthia, and Acanthomoeba spp.) are ubiquitous within bodies of water, albeit with differing densities depending 
on site and season, and very rarely infect people.  The development of the disease known as primary amebic 
meningoencephalitis, for example, requires a rare circumstance of a younger person diving into a body of fresh water 
such that water is forcefully delivered into the nose, allowing a portal of central nervous system entry for amoebae via 
the cribriform plate.  Other children swimming in the same body of water at the same time do not become infected.  
The simplistic approach of sampling such a body of water and documenting the presence of Naegleria spp. at a 
certain density of cells per mL would not provide much information about public health risk in the absence of 
determining how many children dive in feet first without holding their noses.  There are many examples of the fallacy 
that the presence of an agent is directly associated with risk and some of these are identified in minor comments, vide 
infra. 
 
There are many terms that probably should be explicitly defined.  Coastal oceans and Great Lakes are mentioned in 
the introduction, but it is clear in the subsequent text that any body of water is relevant to the discussion.  Perhaps a 
text box could be included that defines the various ecosystems  (estuarine; littoral; benthic; marine; impoundment, 
and so on) that are the subject of the review. 
 
A number of comments follow. 
 
1.  Page 5, water quality.  It would be good to state why the CWA and BEACH were put in place.  What are 
“reliable assurances”?  Zero risk is not attainable. 
2.  Top of page 6.  The extent to which sediments and sands may serve as persistent sources of bacterial and 
other indicators would seem dependent on turnover due to current.  Are sands of a wave-tossed Pacific 
beach as likely to be contaminated as a gently sloped bathing beach? 
3.  Page 6, second paragraph.  What are the possible risks to human health?  Perhaps this merits a box of its 
own.  Note that although alternatives may be better, there is much experience with current standards and 
thus there will need to be much work to validate and compare any new methodology to determine whether 
they answer the questions as effectively.  Therefore, it is critical to state the questions that need to be 
answered, .i.e., what are we looking for and why? 
4.  Page 7, non-point sources.  Are not leaking septic lines and boat discharges point sources?  Wouldn’t 
bioactive materials be less likely to be deposited to a significant extent by aerosol than are chemicals? 
 5.  Page 7, same paragraph.  “standard water quality monitoring is employed to manage beach closures… but 
does not provide information on sources of pollution”.  These are two different objectives.  Ideally one method 
can address both objectives, but often cannot.  Was water quality sampling designed to determine the source 
of contamination or simply provide thresholds to protect the public health? 
6.  Page 7, pathogen loading.  Resources are rarely left unexploited in nature.  Wouldn’t pathogen loading 
actually lead to an increase of something that exploits the material and thereby sequesters or neutralizes it?  
(Apocryphally, Boston lobstermen are said to have focused much attention around the sewage outfall pipes 
outside of Boston harbor because the lobsters were much fatter around there.) 
7.  The argument about shedding of staph by human bodies is a stretch.  Bodies of natural water that are that 
stagnant or limited would be unlikely to be commonly used for bathing; but bath houses and prisons and 
gyms are notorious for risk of staph or ringworm, probably because of lack of exposure to natural 
decontamination (dilution, sunlight, protozoal flora) as well as association of biofilms with surfaces that are not 
cleansed effectively. 
8.  Top of page 9.  Note that DNA based methods for bacteria and protozoa do not necessarily imply viability 
because dead organisms’ DNA would be detectable.  If they are not viable they are not risky. 
9.  Bottom of page 10.  It seems just as likely that there is the potential for attenuation. 
10. Page 11 “virulence”.  Although more human infection is being reported due to consumption of raw oysters, it 
may be that more people are eating raw oysters.  Note that in the U.S., the increasing cohort of aged retirees 
(or the immunocompromised) in coastal areas would imply that there is greater exposure among people that 
are more susceptible, and is even more plausible as an explanation for increased prevalence of seafood 
associated enteric disease than greater bacterial virulence. 
11. Page 12, lines 6-7.  Not clear. 
12. Page 13, second paragraph and top half of page 14.  This is a bit of stretch… see general comments above 
regarding Naegleria.  I think the statement “Also unknown is the level of human health risk these associations 
present” pretty much sums it up.   What is far more interesting is the relationship between the bacteria and 
the protozoa… an extension of predator-prey interactions that has led to commensalism. 
13. Page 16, second paragraph.  I cannot think of one example of where marine mammal mortality has served as 
a sentinel for a human health problem.  Even toxoplasmosis killing sea otters has not served as a warning for 
increased toxoplasmosis in humans, despite the human association of the sources of T.gondii (domestic cat 
crap washing into the seas). 
14. Page 17, sentinels.  Surveillance depends on specific objectives.  In public health, surveillance is initiated as 
a response to evidence (case reports) of a change in prevalence.  What exactly are the “cumulative health 
effects”?   
15. Page 18, zoonoses.  This is a pretty weak section.  Viruses, bacteria, protozoa, etc. are found in any animal 
anywhere.  "Avian forms of Giardia" have as much public health significance as do the 100 or so species of 
avian malaria… none.  As for Canada geese, the associations with potential agents of public health significance 
have not been considered important enough to use as an argument for controlling their burgeoning 
populations.  Although the box on marine animal zoonoses indicates that "bacterial isolates" (Brucella and 
lepto?) are commonly resistant to antibiotics, is this finding any more disturbing than the prevalence of 
antibiotic resistance reported for bacteria from any terrestrial species? 
16. Page 19, "the unknown agents of disease… "  Although there is some merit in attempting to prospectively 
identify potential infections of public health importance, without actual case reports it is hard to argue for 
committing resources.  As an analogy… we know some species of sharks bite people under some peculiar 
circumstances.  We also know that there are 400 species of sharks.  Do we consider all of them potentially 
dangerous to swimmers 
 
 RESPONSE TO REVIEWS 
 
 
To Editor 
Environmental Health 
 
Dear Sir or madam: 
 
This letter contains responses to comments made by reviewers of our manuscript EH-OHH-02-08 “The coastal 
environment and human health: Microbial indicators, pathogens, sentinels and reservoirs”.  On behalf of all of the 
authors, we appreciate the opportunity to resubmit this manuscript with revisions.  In general, we found the reviewer’s 
comments to be very constructive and insightful.  The helpful criticism has enabled us to present a better and more 
informative manuscript. 
 
We felt that the most direct way to respond to specific comments is to intersperse responses among the reviewer’s 
text. Our responses appear in italics below. 
 
 
RESPONSE TO REVIEWER 1 
 
These comments comprise discretionary revisions that would greatly improve the manuscript and lend it more 
credibility with those more versed in public health aspects. 
 
This ambitious review by Stewart and colleagues attempts to provide arguments for expanding surveillance of large 
bodies of water for their potential to serve as sources of emerging infections. The authors rightly point out that for the 
most part, public health targeted sampling of water has focused on the simplistic estimation of coliform burdens. 
Modern molecular diagnostics could greatly enhance surveillance, including improvement of the sensitivity of 
detection as well as describing the diversity of potential infectious agents and identifying the sources of 
contamination. These points are well taken but overall the manuscript would benefit from critical discussion of only a 
few of the 7 topics that are presented. Focusing on current water quality testing, direct pathogen detection (and a 
limited expansion into a search for virulence factors), and the use of mollusks as sentinels would greatly strengthen 
the paper. The likelihood that bodies of water serve to dilute, buffer or otherwise act as sinks for potentially risky 
agents (e.g., sequestering cryptosporidium within mussels) is poorly explored and would balance the general 
philosophy in this review that bodies of water should be monitored for the potential risk to human health. Other 
sections (nonenteric infections, zoonoses) are much weaker and less well argued. 
 
We tend to agree that the discussion of so many different topics dilutes the amount of critical evaluation that can be 
accomplished for each of them, but our goal was to present an overview of the diverse pathogen work being 
accomplished regarding oceans and human health.  We want to include information on the issues with current 
methods, the new approaches that are being explored and the areas where we still face challenges.  So, while we see 
the merit in what the reviewer has suggested, that would be a very different paper than the one we set out to write.  
Please also note that reviewer 2 specifically mentioned that (s)he found the section on zoonotics interesting. 
 
There are some imprecise concepts presented relating to infectious disease biology. Most of the agents that are 
discussed are normal elements of the fauna or flora of a particular ecosystem, but have the capacity to infect and 
cause disease in some hosts under some circumstances. As an example: The freeliving amoebae (Naegleria, 
Balamuthia, and Acanthomoeba spp.) are ubiquitous within bodies of water, albeit with differing densities depending 
on site and season, and very rarely infect people. The development of the disease known as primary amebic 
meningoencephalitis, for example, requires a rare circumstance of a younger person diving into a body of fresh water 
such that water is forcefully delivered into the nose, allowing a portal of central nervous system entry for amoebae via 
the cribriform plate. Other children swimming in the same body of water at the same time do not become infected. 
The simplistic approach of sampling such a body of water and documenting the presence of Naegleria spp. at a 
certain density of cells per mL would not provide much information about public health risk in the absence of 
determining how many children dive in feet first without holding their noses. There are many examples of the fallacy 
that the presence of an agent is directly associated with risk and some of these are identified in minor comments, vide 
infra. 
 
Thank you for this thoughtful comment.  We’ve deleted our call for standards for non-enteric water-transmitted 
diseases from the abstract and we’ve also modified the body of the paper to call for standards “where appropriate” or 
to work toward educating the public about infections where human behavior plays a key role. 
 
There are many terms that probably should be explicitly defined. Coastal oceans and Great Lakes are mentioned in 
the introduction, but it is clear in the subsequent text that any body of water is relevant to the discussion. Perhaps a 
 text box could be included that defines the various ecosystems (estuarine; littoral; benthic; marine; impoundment, and 
so on) that are the subject of the review. 
 
We’ve expanded the introduction to include “Bodies of water, particularly the coastal oceans and the Great Lakes… ”.  
The text boxes highlight results of recent research.  We feel it would be inconsistent to add one for definitions that the 
reader can access from a number of other sources. 
 
A number of comments follow. 
 
1. Page 5, water quality. It would be good to state why the CWA and BEACH were put in place. What are •reliable 
assurances•? Zero risk is not attainable. 
  
A major goal of the CWA and BEACH Acts is to implement water quality standards for designated uses of water as 
described in the paper.  They were referenced here to provide background for a discussion on indicator bacteria and 
water quality criteria.  We feel it would be slightly off-topic to get into a discussion about ‘reliable assurances’ and do 
not presume that zero risk is attainable. 
 
2. Top of page 6. The extent to which sediments and sands may serve as persistent sources of bacterial and other 
indicators would seem dependent on turnover due to current. Are sands of a wave-tossed Pacific beach as likely to be 
contaminated as a gently sloped bathing beach? 
  
It seems parsimonious that beaches with stronger wave action would have lower levels of indicators and pathogens, 
but at this point, we don't really know.  The type and source of contamination, as well as the sediment type, are also 
likely to influence the distribution and persistence of organisms.  We have added a couple of sentences to the text to 
include wave action as a factor in the (re)introduction of bacteria from sediments to the water column. 
 
3. Page 6, second paragraph. What are the possible risks to human health? Perhaps this merits a box of its own. 
Note that although alternatives may be better, there is much experience with current standards and thus there will 
need to be much work to validate and compare any new methodology to determine whether they answer the 
questions as effectively. Therefore, it is critical to state the questions that need to be answered, .i.e., what are we 
looking for and why? 
  
The manuscript text has been modified to emphasize what we would consider “better” indicators and text was added 
addressing the need to correlate new indicators with health outcomes through epidemiology studies.  The evaluation 
of new indicators by SCCWRP, EPA and University of Miami is presented in a text box.  
 
4. Page 7, non-point sources. Are not leaking septic lines and boat discharges point sources? Wouldn•t bioactive 
materials be less likely to be deposited to a significant extent by aerosol than are chemicals? 
  
NPS pollution is contamination that occurs through a non-direct route and from sources that are diffuse and 
intermittent in nature, so we feel the examples that we have listed do qualify.  Text has been added to better define 
the differences between point and non-point source pollution. 
 
As for bioactive materials not being significantly deposited by aerosols, we think that depends upon where you are 
looking and what you are measuring.  Chemicals may certainly be more abundant, but we are not talking about the 
most abundant – we are speaking generally about ways that pathogens can get into environments. 
  
5. Page 7, same paragraph. •standard water quality monitoring is employed to manage beach closures but does not 
provide information on sources of pollution•. These are two different objectives. Ideally one method can address both 
objectives, but often cannot. Was water quality sampling designed to determine the source of contamination or simply 
provide thresholds to protect the public health? 
  
Routine monitoring is typically designed to protect public health, and the point we were trying to make was that this 
form of monitoring could not help to identify non-point source contamination.  The sentence has been removed. 
 
6. Page 7, pathogen loading. Resources are rarely left unexploited in nature. Wouldn•t pathogen loading actually lead 
to an increase of something that exploits the material and thereby sequesters or neutralizes it? (Apocryphally, Boston 
lobstermen are said to have focused much attention around the sewage outfall pipes outside of Boston harbor 
because the lobsters were much fatter around there.) 
 
Certainly, the lobsters were enjoying the increased food supply due to increased nutrient input, but it’s not clear how 
(or whether) this affected pathogens.  We’ve added “nor do we fully understand the consequences of this loading” to 
 the sentence “We currently have a limited understanding of the actual pathogen loading of the coastal environment 
due to non-point source contamination”. 
 
7. The argument about shedding of staph by human bodies is a stretch. Bodies of natural water that are that stagnant 
or limited would be unlikely to be commonly used for bathing; but bath houses and prisons and gyms are notorious for 
risk of staph or ringworm, probably because of lack of exposure to natural decontamination (dilution, sunlight, 
protozoal flora) as well as association of biofilms with surfaces that are not cleansed effectively. 
  
We have added a sentence to the text to emphasize that bather inputs are mitigated by natural decontamination.  We 
don’t feel that the original text was a stretch though.  The results of the Miami study demonstrate just how much staph 
a single person can shed, and studies in Hawaii show that it is actually one of the dominant bacterial pathogens at 
some of their beaches.  Those little tidal pools where the water is warm and the waves are small seem to be pretty 
nice places for staph to accumulate, especially since people and kids tend to like to swim there.   
 
8. Top of page 9. Note that DNA based methods for bacteria and protozoa do not necessarily imply viability because 
dead organisms• DNA would be detectable. If they are not viable they are not risky. 
  
True, but DNA-based methods are attractive because they are quick and can be very sensitive.  Just as a switch to 
alternative indicator organisms would require validation, using DNA-based methods of pathogen detection would 
require some type of validation with regard to potential disease or infection.  The text has been modified to include 
both of these issues. 
 
9. Bottom of page 10. It seems just as likely that there is the potential for attenuation. 
 
We’ve noted at the bottom of the paragraph that a tiered monitoring strategy would not necessarily be appropriate for 
transient pollution events, unless samples are appropriately archived for analysis. 
 
10. Page 11 •virulence•. Although more human infection is being reported due to consumption of raw oysters, it may 
be that more people are eating raw oysters. Note that in the U.S., the increasing cohort of aged retirees (or the 
immunocompromised) in coastal areas would imply that there is greater exposure among people that are more 
susceptible, and is even more plausible as an explanation for increased prevalence of seafood associated enteric 
disease than greater bacterial virulence. 
 
Good point.  We’ve noted in the text that increased exposure of susceptible populations likely plays a part in 
increased illness rates.   
 
11. Page 12, lines 6-7. Not clear. 
 
Zoonotic potential and predation defenses may be important in whether an organism can be a pathogen.  The text 
has been revised to clarify. 
 
12. Page 13, second paragraph and top half of page 14. This is a bit of stretch&see general comments above 
regarding Naegleria. I think the statement •Also unknown is the level of human health risk these associations present• 
pretty much sums it up. What is far more interesting is the relationship between the bacteria and the protozoa&an 
extension of predator-prey interactions that has led to commensalism. 
 
We believe it's important that people begin to think about the commensal relationships between bacteria and protists, 
and recognize that there is a potential risk.  There is the problem that many people don’t consider exposure in the 
marine environment when faced with some of these diseases because there is a disconnect between the time of 
exposure and the onset of symptoms.  We don’t know whether there is a problem, but we are starting to find out that 
these pathogens are present.  While the risk may not be huge, the diseases can be significant.  See revision. 
 
13. Page 16, second paragraph. I cannot think of one example of where marine mammal mortality has served as a 
sentinel for a human health problem. Even toxoplasmosis killing sea otters has not served as a warning for increased 
toxoplasmosis in humans, despite the human association of the sources of T.gondii (domestic cat crap washing into 
the seas). 
  
Perhaps they are not directly related to the same disease in humans, but they are indicators of environmental 
degradation that could lead to human health issues.  Text has been revised to clarify. 
 
14. Page 17, sentinels. Surveillance depends on specific objectives. In public health, surveillance is initiated as a 
response to evidence (case reports) of a change in prevalence. What exactly are the •cumulative health effects•? 
 
 We’ve replaced the term surveillance with monitoring.   
 
According to Sexton and Hattis (2007), “Cumulative risk assessment is a tool for organizing and analyzing information 
to evaluate the probability and seriousness of harmful effects caused by either simultaneous and/or sequential 
exposure to multiple environmental stressors”.  In this paper “cumulative health effects” is used to describe the 
integration of a ‘broad range of environmental conditions’ in ‘degraded coastal ecosystems’ provided by sentinel 
species and habitats. 
 
Sexton and Hattis (2007). Assessing cumulative health risks from exposure to environmental mixtures – three 
fundamental questions. Environ Health Perspect 115(5) 825-832. 
 
15. Page 18, zoonoses. This is a pretty weak section. Viruses, bacteria, protozoa, etc. are found in any animal 
anywhere. "Avian forms of Giardia" have as much public health significance as do the 100 or so species of avian 
malaria&none. As for Canada geese, the associations with potential agents of public health significance have not 
been considered important enough to use as an argument for controlling their burgeoning populations. Although the 
box on marine animal zoonoses indicates that "bacterial isolates" (Brucella and lepto?) are commonly resistant to 
antibiotics, is this finding any more disturbing than the prevalence of antibiotic resistance reported for bacteria from 
any terrestrial species? 
 
It seems that the reviewer is implying that zoonoses and antibiotic resistance in marine animals is not significant 
because it isn’t any more unusual than what is found in terrestrial animals.  But there is concern about zoonotic 
agents and emerging disease in terrestrial animals, so why are marine animals less important?  Is it because we think 
there is reduced likelihood of interactions with humans?  That’s not necessarily the case.  There are indigenous 
communities worldwide that make use of marine mammals as food - both stranded animals and organized hunts.  
“Bushmeat” is considered one of the main causes of emerging infectious disease.  People also interact with marine 
animals through the environment, especially birds.  
 
The presence of pathogenic AND commensal bacteria resistant to multiple antibiotics in marine animals is also just as 
disturbing as in the terrestrial environment.  Many of the animals surveyed had primarily open ocean life styles, which 
should lead to the question of where are they coming into contact with bacteria that appear to be from a highly 
contaminated source.  Furthermore, these animals have extremely wide foraging and migratory ranges, which can 
facilitate the spread of antibiotic resistance.   
 
16. Page 19, "the unknown agents of disease&" Although there is some merit in attempting to prospectively identify 
potential infections of public health importance, without actual case reports it is hard to argue for committing 
resources. As an analogy&we know some species of sharks bite people under some peculiar circumstances. We also 
know that there are 400 species of sharks. Do we consider all of them potentially dangerous to swimmers? 
 
Regarding the unknown agents of disease, this isn’t the first time the issue of lack of reported disease cases has 
occurred.  The goal of this manuscript was not only to cover what research has been accomplished, but to raise 
awareness of what remains to be accomplished.  Therefore, we have removed the statement and added text 
indicating the lack of public health information. 
 
 
RESPONSE TO REVIEWER 2 
 
 
General comments: 
 
The paper is a great review of advances in the field of oceans and human health, and also describes specific 
recommendations for future research. The review covers exogenous and endogenous human pathogens in marine 
waters, marine sentinels of human health, detection techniques for pathogens and the need for better means of 
identifying virulent bacteria. The authors also provide criticisms of the current USEPA policies for protection of 
recreational swimmer health. This paper is not original research, but it is an important review that will likely be highly 
cited. 
 
 
Discretionary revisions: 
Pg 6 discussion of ambient indicators. The authors should consider adding a couple sentences to discuss ways / 
methods for identifying appropriate alternative indicators. How much research needs to be done before a new 
alternative indicator can begin to be used? There is no mention of library-dependent methods. If the authors believe 
such methods have fallen out of favor, it may be appropriate to mention this here. Alternatively, the authors could 
 reference a recent review by Field in Water Research (2007 issue devoted to MST) that discusses various source 
tracking tools. Human viruses could also be mentioned as alternative indicators. 
 
We’ve added text addressing the need to correlate new indicators with health outcomes through epidemiology 
studies.  A paragraph was also added discussing microbial source tracking approaches (both library-dependent and 
library-independent) and referencing review articles including Field and Samadpour (2007) for more details.  Finally, 
human viruses and an appropriate reference were added to the examples of proposed alternative indicators. 
 
Fig 1. This is a great figure. How would pathogens from animals or wildlife, that receive no treatment fit into the 
diagram? Do the boxes below the exogenous pathogen sources that say treatment imply that all these waste streams 
receive some sort of treatment?  
 
Excellent point.  We’ve added additional arrows bypassing the treatment boxes.  That is, the new arrows directly link 
exogenous pathogens from the Point and Non-Point Source Pollution Boxes to the Marine/Estuarine Water Box.  
We’ve also dotted the existing lines to the treatment boxes. 
 
It may help to explicitly state in the figure caption what is meant by point and non point sources. Keep in mind that the 
EPA has its own policy-based definition of point and non-point that may not match with how a scientist may classify 
different sources (for example, I believe the EPA classifies CAFOs as point sources). If the classification does not 
match EPA classification, it would be good to mention it.  
 
Clearer definitions of point and non-point pollution were added to the text on pg. 7. 
 
Would it possible to show some arrows in the marine/estuarine waters box that illustrate the exchange of genetic 
information / virulence genes between exogenous pathogens and marine organisms? This is one potential way for 
organisms in marine waters to acquire toxin genes, cholera or shiga-toxin, for example and could lead to the 
development of new pathogens.  
 
We’ve added the suggested arrows denoting genetic exchange between exogenous pathogens and marine 
organisms.  Thank you for the suggestion. 
 
Finally, I am not sure that the treatment factors bubble fits with the physical, chemical and biological factors bubbles. 
Treatment factors would consist of physical, chemical or bio factors. What sort of treatment do you envision being 
carried out in marine and estuarine waters? I would imagine that in situ treatments could end up harming ecosystem 
health.  
 
This was originally meant to denote treatment of marine resources prior to human use (e.g. oyster depuration), not in 
situ treatments.  This is not well explained though, and you are right that the existing physical, chemical or biological 
factors boxes would cover this.  We have deleted the “Treatment Factors” box feeding into the “Fate and Transport” 
Arrow. 
 
Regarding BMPs, I would be interested to read which BMPs are relevant for pathogen removal from non-point 
sources. My understanding is that this is an area that is severely understudied. 
 
We’ve added some examples of BMPs, specifically vegetated buffers and stormwater ponds, to the non-point 
pollution to the box. 
 
Fig. 2. Another nice figure. Microscopy (FISH) is another detection technique that may be relevant. The authors, in the 
text, send a strong message that efficiencies and controls need to be included and considered during molecular 
detection to clearly define effects of inhibition and detection limit. This is an important message to the community, as 
many authors are still omitting these important details in their studies. Would it be possible to incorporate somehow 
into this figure these ideas? For example, the authors could include some measure of efficiency and control for each 
box? 
 
We’ve added Microscopy to the Detection Box and added a sentence to the Figure caption emphasizing the 
importance of controls, etc.  The caption now reads: “Figure 2. Common approaches for molecular detection of 
pathogens from environmental samples.  It is important to use appropriate controls and to quantify recovery 
efficiencies of each step depicted”. 
 
 
•Pushing the limits of DNA microarray• box. 0.05% of the natural bacterial population is 5 out of 105. 
How does this number compare to the number of pathogens that would need to be detected to observe an 
•epidemiologically relevant• concentration? How much improvement (if at all) is needed in microarray detection 
 technology before we can use microarrays for exogenous pathogen monitoring? For example, say that we assume 
that a swimmer ingests 100 ml of water and the infectious dose of E. coli O157 is 100 cells. This means that in order 
to detect this health threat, we need to detect 1 cell in 1 mL of water. Assuming the water as 106 bacteria per mL, this 
means we need to detect 1 cell of E. coli O157 in 106 cells to adequately measure this risk. Which would imply that 
we need to improve microarray sensitivity by about _ an order of magnitude for risk-relevant surveillance of this 
organism. If this example had been done with a bacterium that has a lower infectious dose (say 1 cell) then the 
sensitivity of the microarray would need to be improved 3 orders of magnitude to provide appropriate levels of risk 
surveillance. An example like this included in the box would help illustrate how much work we need to do to improve 
sensitivity of microarrays for pathogen monitoring. 
 
The reviewer raises a highly valid point and we have changed the section to raise awareness of the issue of 
pathogens with low infectious does. However, we do not wish to engage in speculation of the magnitude of 
improvements required since this was beyond the scope of the method development. The samples considered natural 
communities and were not spiked with pathogens; instead, naturally occurring potential pathogens were detected. 
Thus we do not actually know the exact detection limit at this point in time. Nonetheless, it is worth pointing out that 
unprecedented sensitivity was achieved by the new technology. Furthermore, we worked with RNA extracted and 
labeled from the environment without pre-amplification (as is done in most other microarray techniques applied to 
environmental samples). We therefore believe that pre-amplification may considerably raise the sensitivity towards 
rare targets. 
  
Minor comments 
 
 
Pg 12. It is mentioned that in some cases highly bioactive secondary compounds •augment the chemical behavior of 
other chemical and biochemical processes•. I do not understand this sentence. Can the authors elaborate? Or provide 
an example? 
 
In short this is describing synergistic effects of compounds.  Alcohol and certain drugs don't mix because their 
synergy results in bad side effects that neither alone elicit.  A more appropriate example was added to the paper text:  
when a biofilm created by a given microbial community is removed, often times old generation antibiotics become 
effective.  Previously they simply could not cross the film.  
 
Pg 14. •Vibrio cholera• should be •Vibrio cholerae  
  Revised. 
 
Pg 17. First sentence below box on tidal creeks. Should read •While use of sentinel &• 
  Revised. 
 
Pg 18. Section on Zoonotics. Discussion of salmonellae are omitted although these are also important zoonoses. In 
the second sentence, are the authors referring to human pathogens? Should the sentence read •&viral, fungal, and 
protozoal human pathogens &•. Overall, I found this section on marine mammals and birds to be very interesting. 
  
We’ve added a sentence about salmonellae in marine mammals, and two references (replaced 119 & 120), and we’ve 
added the word pathogens as suggested. 
 
Refs: Authors are encouraged to look through their refs to make sure that species names are capitalized italicized. 
Also, I will point out one reference that is incorrect. Yamahara et al. was published in ES&T not AEM. 
  
Thank you.  We’ve corrected the Yamahara reference and checked through the rest of the reference list making 
appropriate edits for species names. 
  
 
 
Editors-in-Chief 
Philippe Grandjean and David 
Ozonoff
 
Title  Impacts of climate variability and future climate change on harmful algal blooms 
and human health 
Author(s)  Moore et al. 
Referee’s name  Simon Hales 
 
 
General comments:  
 
Consider increased emphasis on epidemiological results, and less on the details of the marine biology.  
 
Rather than simply describing the findings of the rather sparse epidemiological evidence, try to critically appraise, 
summarize, synthesize and interpret these results (in the light of what is known about the biological pathways). For 
example, are the results of refs 46 and 47 consistent? If not, why not? 
 
Consider separating more clearly: 
1. evidence relating to historical climate variability, HAB and health 
2. projections of future impacts resulting from climate change 
 
See also IPCC working group II chapter 8. 
 
 
Minor essential revisions: page numbers 
INTRODUCTION – ice cores spanning many hundreds of thousands of years 
 
Next page: Few studies…  confirm linkages between climate [change] and HABs : 
 
delete the word “change” – the studies to date relate to climate variability  
 
 
Discretionary revisions: 
Consider adding comment on coral bleaching as a potential trigger for HAB. 
3
rd to last page: Comment on downscaling methods under “matching scales of information” 
 
 
  
 
 
Editors-in-Chief 
Philippe Grandjean and David 
Ozonoff
 
Title  Impacts of climate variability and future climate change on harmful algal blooms 
and human health 
Author(s) Moore et al. 
Referee’s name  Ted Smayda 
 
 
General comments:  
MS does not make the case that there is a linkage between HABs-climate change; relevant field and experimental 
HAB research important to the topic is ignored; authors appear to be unfamiliar with available HAB literature and HAB 
ecophysiological processes, and rely primarily on marine examples peripheral or irrelevant to the proposed HAB – 
climate change association; MS contributes no new insights nor guiding information on the relationships between 
climate and HABs. The impacts of climate change on HABs – present or potentially – are not adequately conveyed, 
contrary to the title.   
 
Major compulsory revisions: 
A complete rewrite of the MS rooted in HAB field and experimental literature (findings) relevant to the climate change 
issue addressed in needed.  
 
The title of this MS promises much more than it delivers – the authors provide no convincing evidence that climate 
change is a factor in the global outbreak of HABs or will have future impacts. This is not to say that a relationship is 
not to be found nor will develop. However, the authors provide no quantitative evidence in support of this putative 
relationship relying, in stead, on speculation. They correctly point out that acidification, global warming, altered 
upwelling, ENSO and related climate variabilty are factors relevant to the selection, growth and blooms of harmful 
species. However, there is no reference to important relevant studies on pH – HAB species growth (Hansen; Hinga; 
Riebesell); on the relationship between temperature and growth and the distribution of HAB species (many 
references); on the ENSO-HAB relationship found in the Pacific (MacLean; Chang, etc.); on the altered upwelling-
HAB relationship discussed by Bakun and Fraga. And with regard human health aspects, there is conspicuous 
neglect of Epstein’s work on HABs as a newly emergent disease that may be related to climate change. Alexandrium 
catenella is singled out as a prospective indicator of a warming effect, a poor choice since this one of the relatively 
few HAB species that grows relatively well at low temperatures. 
 
I am not sure whether the authors are unaware of the relevant HAB literature or have chosen to ignore it, relying on 
the, by now, well worn speculations on climate change. The authors are otherwise “all over the place” in the evidence 
they muster in their exclusion of work on HAB species. The cite work on foraminifera, coral reefs, coccolithophorids, 
diatoms to the neglect of HAB species.  
 
The references cited in support of the conclusions drawn are often dubious, or lacking. 
 
In the Discussion [the MS received for review was unpaginated, the following identifies the location within the MS to 
which the comment applies]: 
 
Para. 2, last sentence: the reference cited in support of the proposed functional group change in response to 
temperature deals with coccolithophorids, not HAB spp. 
 
Para 3, the expected increase in polar sea would be in diatoms, not HAB flagellate spp. which, generally, are not 
cryophilic  
 
Para 4, an example of the range extension of a HAB sp. in response to warming is needed. The relevant studies on 
the relationship between Pyrodinium bahamense var. compressum blooms and ENSO – the best data set of such a 
relationship – is ignored in favor of focus on foraminifera. 
 
 RESPONSE TO REVIEWS 
 
The authors thank the Reviewers for their comments. Substantial changes have been made to the revised 
Manuscript. Specific Reviewer comments are addressed below. 
 
RESPONSE TO REVIEWER 1 
 
General comments: 
Consider increased emphasis on epidemiological results, and less on the details of the marine biology. 
 
We have removed the discussion of climate impacts on phytoplankton in general, and have included specific sections 
on climate impacts on HA and on the implications of climate change for HAB-related illnesses. 
 
Rather than simply describing the findings of the rather sparse epidemiological evidence, try to critically 
appraise, summarize, synthesize and interpret these results (in the light of what is known about the biological 
pathways). For example, are the results of refs 46 and 47 consistent? If not, why not? 
 
We have made a dedicated effort to synthesize and more critically assess the current state of knowledge on climate 
impacts on HABs and human health. We hope that the revised Manuscript will stimulate comment and future scientific 
research in the area of HABs and climate change. 
 
Consider separating more clearly: 
1. evidence relating to historical climate variability, HABs, and health 
2. projections of future impacts resulting from climate change 
 
The revised Manuscript has been restructured based on comments from Reviewer 2. The general section that 
provided an overview of climate impacts on the ocean and phytoplankton has been removed, and there is now more 
of a focus on HA. This also avoids repetitive descriptions of climate variability and future climate change impacts 
which occurred in the previous version of the Manuscript; both in the general section and again in the section that 
followed on the implications for HABs and human health.  
 
In the revised Manuscript, we have structured the section on climate impacts on HA around the climate drivers of HAB 
events (i.e., temperature, stratification, upwelling, and so on). We do not distinguish between the influence of 
historical climate variability and potential climate change impacts in separate sections. However, for each paragraph 
discussing each of the climate drivers, we follow the structure outlined by Reviewer 1 above by first presenting 
evidence relating to historical climate variability and HABs and then the potential impacts of future climate change 
based on projections. 
 
See also IPCC working group II chapter 8. 
 
A discussion of the implications of the findings of the IPCC working group II on climate change impacts on human 
health as it relates to HABs has been included in the revised Manuscript. 
 
Minor essential revisions:  
Page numbers 
 
Page numbers have been added. 
 
INTRODUCTION: ice cores spanning many hundreds of thousands of years 
 
This has been corrected in the revised Manuscript. 
 
Next page: Few studies confirm linkages between climate [change] and HABs: delete the word “change” - the 
studies to date relate to climate variability 
 
This has been corrected in the revised Manuscript. 
 
Discretionary revisions: 
Consider adding comment on coral bleaching as a potential trigger for HAB. 
 
This has been incorporated into the revised Manuscript (see examples for Gambierdiscus toxicus in the section on 
climate impacts on HABs). 
 
 3rd to last page: Comment on downscaling methods under matching scales of information 
 
A paragraph on the importance of downscaling global climate predictions to more localized studies of climate change 
impacts on HABs has been included in the revised Manuscript. 
 
 
RESPONSE TO REVIEWER 2 
 
General comments:  
MS does not make the case that there is a linkage between HABs-climate change; relevant field and 
experimental HAB research important to the topic is ignored; authors appear to be unfamiliar with available 
HAB literature and HAB ecophysiological processes, and rely primarily on marine examples peripheral or 
irrelevant to the proposed HAB – climate change association; MS contributes no new insights nor guiding 
information on the relationships between climate and HABs. The impacts of climate change on HABs – 
present or potentially – are not adequately conveyed, contrary to the title.   
  
Response to general comments: 
The Reviewer makes several important points that were carefully considered in the revision of this Manuscript. The 
Reviewer also draws to our attention some literature that we were not aware of, and a discussion of this literature is 
now included in the revised version. Other concerns of the Reviewer can be addressed by better framing and 
clarifying the purpose of this Manuscript and parts of the text. It could be that in our attempt to provide a concise and 
succinct commentary of the topic we unintentionally omitted text to help guide the reader and avoid these kinds of 
misinterpretations. 
 
The lack of examples in the literature that unequivocally demonstrate linkages between large-scale patterns of climate 
variability, HABs, and human health is striking. Indeed, few examples exist that quantitatively identify robust 
relationships between the large-scale climate and HABs, without attempting to determine the human health 
consequences (however, again we acknowledge and thank the Reviewer for bringing to our attention some 
references of which we were unaware). For these reasons, we originally structured the Manuscript in such a way as to 
discuss known climate impacts on ocean state and phytoplankton (including non-HA species) in general, with a 
separate section that followed discussing the implications of future climate change for HA species and human health. 
Even though these sections of the Manuscript had separate sub-headings, this format may have contributed to the 
Reviewer concluding that irrelevant examples peripheral to the topic were relied upon (especially for the first more 
general section). We have restructured the revised Manuscript and such that it has a stronger focus on HA species 
and their impact on human health, and have included new introductory paragraphs for each section.  
 
Major compulsory revisions: 
A complete rewrite of the MS rooted in HAB field and experimental literature (findings) relevant to the climate 
change issue addressed in needed.  
  
As described above, we have heavily revised Manuscript and provided introductory paragraphs to each section that 
clearly state their aims and content. We believe that we have addressed the Reviewer’s concerns as well as 
substantially improved the revised Manuscript. 
 
Revisions: 
 
The title of this MS promises much more than it delivers – the authors provide no convincing evidence that 
climate change is a factor in the global outbreak of HABs or will have future impacts. This is not to say that a 
relationship is not to be found nor will develop. However, the authors provide no quantitative evidence in 
support of this putative relationship relying, in stead, on speculation. 
 
The aim of this Manuscript is to provide a synopsis of the current state of knowledge on climate impacts on HABs and 
human health, particularly as it relates to the main research foci of the Centers for Oceans and Human Health 
(described in the introductory overview manuscript), and to provide direction for future research in oceans and human 
health of which climate change and HAB research are an important current and future component. This Manuscript 
does not aim to prove that climate change is the primary factor in the global outbreak of HABs. Few examples in the 
literature have unequivocally demonstrated this potential link, primarily because it is extremely difficult to separate the 
influence of climate change from other anthropogenic impacts that are known to contribute to HABs (such as 
eutrophication and ballast water introduction). Our ability to do this will vastly improve as monitoring programs 
continue and longer time series of observations are generated – but at present few such datasets exist. As a 
consequence of this lack of quantitative evidence, a certain amount of “guesswork” is often inevitable, but is generally 
informed by known relationships between HAB ecology and oceanography and future climate projections. This 
manuscript will also hopefully serve the purpose of stimulating new research in this area. 
  
They correctly point out that acidification, global warming, altered upwelling, ENSO and related climate 
variability are factors relevant to the selection, growth and blooms of harmful species. However, there is no 
reference to important relevant studies on pH – HAB species growth (Hansen; Hinga; Riebesell); on the 
relationship between temperature and growth and the distribution of HAB species (many references); on the 
ENSO-HAB relationship found in the Pacific (MacLean; Chang, etc.); on the altered upwelling-HAB 
relationship discussed by Bakun and Fraga. And with regard human health aspects, there is conspicuous 
neglect of Epstein’s work on HABs as a newly emergent disease that may be related to climate change. 
 
Instead of appearing later in the manuscript after the general discussion of climate impacts on ocean state and 
phytoplankton (including non-HA species), a discussion of these impacts is now presented upfront in the revised 
Manuscript in the section “Climate impacts on HABs” (e.g., impacts of decreased pH [Huber et al. 1996; Falkowski et 
al. 2004], ENSO impacts on Gambierdiscus spp. [Hales et al. 1999; Chateau-Degat et al. 2005]). But we thank the 
Reviewer for drawing our attention to these additional studies. A discussion of the implications of these studies is now 
included in the revised Manuscript. 
 
Alexandrium catenella is singled out as a prospective indicator of a warming effect, a poor choice since this 
one of the relatively few HAB species that grows relatively well at low temperatures. 
 
The example of increased temperature widening the window of opportunity for growth of Alexandrium catenella is 
specific to Puget Sound. We do not suggest that this dinoflagellate could be an “indicator” (which implies that the 
organism meets a range of criteria) of a warming effect in the Manuscript. However, we believe that it is appropriate to 
include this as an example of the potential consequences of warmer temperatures on HABs in this Manuscript since 
research efforts within Centers for Oceans and Human Health on the east and west coasts of the United States are 
concerned with the toxins produced by Alexandrium. In any case, this example is based on the sound scientific 
findings and proposed mechanisms from peer reviewed literature (i.e., Nishitani and Chew 1984; Dale et al. 2006; 
Salathe• et al. 2007). 
 
I am not sure whether the authors are unaware of the relevant HAB literature or have chosen to ignore it, 
relying on the, by now, well worn speculations on climate change. The authors are otherwise “all over the 
place” in the evidence they muster in their exclusion of work on HAB species. The cite work on foraminifera, 
coral reefs, coccolithophorids, diatoms to the neglect of HAB species. 
 
The Reviewer probably formed the opinion that the Manuscript was “all over the place” because of problems with the 
way we previously structured the Discussion (discussed above). We have now restructured the revised Manuscript 
such that it specifically focuses on HAB species.  
 
§We use the term “coral reef ecosystems” to reference tropical regions when contrasting climate change impacts in 
the tropics versus the poles, but there is not a focus on coral reefs in the Manuscript nor is any literature cited on 
climate impacts on coral reefs as is suggested by the Reviewer. This misinterpretation has been alleviated by 
substituting “tropical regions” for “coral reef ecosystems”. Examples of climate impacts on diatoms are highly relevant 
as some HA species that have been extensively researched by some of the authors are diatoms in the genus 
Pseudo-nitzschia.  
 
The references cited in support of the conclusions drawn are often dubious, or lacking. 
In the Discussion [the MS received for review was unpaginated, the following identifies the location within the 
MS to which the comment applies]: 
Para. 2, last sentence: the reference cited in support of the proposed functional group change in response to 
temperature deals with coccolithophorids, not HAB spp. 
†This was in the section on climate impacts on ocean state and phytoplankton (non-HAB species) in general, and has 
now been removed to avoid any confusion. 
Para 3, the expected increase in polar sea would be in diatoms, not HAB flagellate spp. which, generally, are 
not cryophilic 
†See response to Reviewer’s comment above. 
Para 4, an example of the range extension of a HAB sp. in response to warming is needed. The relevant 
studies on the relationship between Pyrodinium bahamense var. compressum blooms and ENSO – the best 
data set of such a relationship – is ignored in favor of focus on foraminifera. 
†See response to Reviewer’s comment above. An example for a HA species was given in the section that followed for 
Gambierdiscus. 
Para 6, 7, authors state changes in seawater CO2 concentrations and ocean acidity “are also likely to 
influence phytoplankton species assemblages”. What is your evidence? Thoracosphaera heimii is one of the 
rare calcifying dinoflagellates – it is not harmful; coccolithophorids are not harmful. So, what is the relevance 
 to HABS of the focus the calcification of coral reefs, coccolithophorids and changes in sea water 
acidification? 
§See reply to Reviewer’s comment above on the use of the term “coral reef ecosystems” to reference tropical regions 
(there is not a focus on coral reefs in the Manuscript nor is any literature cited on climate impacts on coral reefs). 
Para 8, OK. so changes in runoff accompanying climate change are expected. But what are the expected 
impacts on HABs. The documentation cited for an expected impact on HABs is that diatoms, “green” algae 
and cyanobacteria may be favored (how?, by blooms, appearance?). There is no supporting evidence given 
that HAB spp are influenced by runoff. 
†See response to Reviewer’s comment above. 
 
We believe that by restructuring the revised Manuscript as described above we adequately address the Reviewers’ 
concerns. Some of the relationships mentioned above by the Reviewer we did address (e.g., range extension of HA 
species and impacts of decreasing pH). 
 
In the section Implications for HABs and human health 
Para 3, The Peperzak work cited [36, 37] has serious experimental flaws and ecological extrapolations. The 
results presented in those papers, in combination with a large body of experimental and field data, do not 
support that “climate change conditions will selectively increase the risk of the HABs of these species 
[Dinophysis, Prorocentrum] in the future”. 
 
These laboratory experiments were conducted on single species batch cultures with conditions modified to reflect 
changes in salinity-stratification as a result of climate change in the North Sea. We do state in the text that “These 
experiments were conducted as singles species batch cultures; therefore, interactions between the HA species and 
other biological components of the ecosystem (such as bacteria, other phytoplankton species and zooplankton) were 
not considered”. However, we agree with the Reviewer that the statement that “climate change conditions will 
selectively increase the risk of the HABs of these species in the future” is rather bold to be hinged upon this work. We 
have omitted this statement and replaced it with a discussion of the need to conduct ecologically relevant experiments 
to assess climate change impacts on HA species. 
 
Para 4, The extrapolation to a general statement of the putative temperature-HAB relationship based on the 
proposed altered behavior of Alexandrium catenella in Puget Sound is risky. There is a body of experimental 
and field evidence that does not support that extrapolation, nor is evidence given that “this demonstrates 
that the predicted rising water temperature alone may promote earlier and longer lasting HABs”. No one 
experienced in HAB ecology would invoke single factor regulation at any stage of the bloom cycle.  
 
We do not propose that the swimming behavior of Alexandrium catenella will be altered by warmer temperatures. The 
example from Puget Sound demonstrates that the risk of HABs of Alexandrium may be enhanced because the annual 
window of opportunity for growth of this species is considerably widened by warmer temperatures, specifically 
temperatures that exceed 13°C (Nishitani and Chew 1984). This mechanism by which dinoflagellates may proliferate 
in a warmer climate is discussed in further detail by Dale et al. 2006.  
 
Furthermore, we acknowledge that marine ecosystems are inherently complex, and we do not profess that just a 
single factor (temperature) regulates blooms of Alexandrium. The relationship with temperature is worth discussing as 
temperature could indeed have a profound effect on Alexandrium growth in this region, but the Reviewer is correct in 
that it is important to acknowledge that interactions with other physical and biological aspects of the marine 
ecosystem will also influence the growth response of Alexandrium in Puget Sound. It is not ecologically relevant to 
consider one environmental factor in isolation and interactions with other ecosystem components may moderate or 
even enhance the projected growth response. 
 
Para 5, the idea expressed that if a decrease in pH will reduce coccolithophorid populations “this would seem 
to leave the ocean to dinoflagellates” (as in the Mesozoic) and that this somehow will lead to increased HABs 
is unconvincing. HABs are primarily coastal events where coccolithophorids are less important in annual 
successional cycles. There is no real competition between these 2 functional groups in most of the HAB 
growth habitats. Further, diatoms are also present, unlike the Mesozoic, i.e functional group ecology is now 
different! 
 
This is most definitely an area of climate change impacts research that deserves greater attention. Many of the 
studies of the effects of pH on HA species have were conducted at the higher end of the pH scale (i.e., Hinga 1992, 
Yoo 1991), and cannot be extrapolated to predict impacts of ocean acidification. We have removed speculative 
statements regarding ocean acidification and HABs, and instead call for more research in this field. 
 
Para 6, this section of dinoflagellate swimming is yet another instance of over-extrapolation and 
unawareness of the HAB literature. The diel migrations and nutrient gathering migrations of dinoflagellates – 
 HAB species, red tide species, other dinoflagellates – are the hallmark of their ecology. There is no evidence 
that this behavior is temperature limited and that global warming will increase this behavior and increase 
their competitive ability and capacity to bloom. 
 
As discussed above, we do not make the point that the swimming ability of dinoflagellates is temperature limited and 
will be affected by warmer temperatures. Instead we discuss the widely accepted view that dinoflagellates generally 
dominate phytoplankton communities under stratified water column conditions because they can vertically migrate 
below the upper stratified layer and access nutrients that are unavailable to phytoplankton species that lack this 
swimming ability. Expected increases in vertical stratification in some parts of the worlds’ oceans as a result of future 
warming will therefore likely benefit the dinoflagellates and allow them to flourish. We have added text in the revised 
Manuscript to further clarify this point. 
 
Para 7, What is the “different mechanism” by which climate change will lead to ciguateric dinoflagellates 
 
The different mechanism referred to here is the direct effect of temperature on the growth, abundance, and range of 
the benthic dinoflagellate Gambierdiscus, as opposed to the swimming advantage of planktonic dinoflagellates under 
stratified water column conditions. This has been clarified in the revised Manuscript. 
 
In the section Climate change mitigation and HABs 
Para 2, What does the Fe enrichment experiment have to do with HABs? What is your opinion on whether it is 
more practical to attempt mitigation on local scales rather than climatically? Table 1 provides no insights, or 
is relevant to HABs. 
 
We disagree with the Reviewer that Table 1 and Fe enrichment experiments are irrelevant and have nothing to do 
with HABs. We clearly state that Pseudo-nitzschia species are among the phytoplankton species that respond to 
large-scale Fe fertilization experiments and that they have the potential to produce a highly potent neurotoxin, domoic 
acid. We have reinforced this in the revised Manuscript. The Reviewer’s suggestion to discuss the practicality of 
mitigation strategies that focus on carbon sequestration, such as ocean fertilization, versus source control is a good 
one, and has been incorporated into the revised Manuscript. 
 
In the section Successes, challenges and the way forward 
Para 1, But HABs in relation to ENSO events and relative to other initiating conditions occur less often, and 
HABs, generally, are unpredictable. It is not clear how “advanced warning of HAB may be considerably 
extended” based on the brief description or the evidence presented that there is a predictable linkage 
between HABs and ENSO type climate. 
 
We use the term “HAB risks” as opposed to HAB occurrence in this discussion; in the revised Manuscript, we have 
better defined how these terms are different. We agree that very few HABs are predictable. However, some 
environmental conditions are known to be conducive to HAB development, and increase the risk of a HAB event 
occurring. We have better defined the difference between HAB risk and HAB occurrence. 
 
This discussion refers to the various aspects of climate that influence HABs and the timescales that they operate on, 
ranging from high frequency “weather” events to large-scale patterns of climate variability such as ENSO. We do offer 
evidence of a predictable relationship between ENSO and ciguatera fish poisoning, which is an example of an 
extended advanced warning of HAB risk. Other higher frequency weather events that influence HABs, such as 
rainfall, have predictability of only a few weeks and provide little in the way of advanced warning of HAB risk. 
 
Para 4, The ca. 200 µm mesh of the CPR does not capture most HAB spp. – studies based on CPR data may 
have some relevance to changes in phytoplankton in response to climate change, but have very limited value 
to HABs. 
 
Our primary reason for discussing the CPR is to highlight it as an example of a plankton monitoring program that is 
ongoing and has extensive spatial and temporal resolution to allow climate change impacts to be separated from 
those due to large-scale patterns of climate variability, such as the North Atlantic Oscillation, and other anthropogenic 
impacts, such as eutrophication. Even though most HA species are not captured by the CPR, changes in the relative 
abundances of functional groups of phytoplankton (i.e., diatoms and dinoflagellates), and of some larger HA species, 
such as Prorocentrum and Dinophysis spp., can be detected (Edwards et al. 2006). Monitoring programs with 
comparable spatial and temporal resolution to the CPR, but specifically targeting smaller size fractions of plankton 
containing HA, will be required to elucidate climate change impacts in the future. 
 
Conclusions 
I agree with the Conclusions.  
 
 However, the MS fails to establish the reasons why the recommendations should be adopted. The MS has 
less to do with HABs than is a general, speculative essay of little value to HAB researchers, students or to 
someone wanting to gain a reasonably accurate and quantitative perspective of the potential response of 
HAB spp. to climate change in its various manifestations. This MS is not recommended for publication. 
Revision alone would not overcome the inherent problems of the MS; a complete rewrite and revised focus is 
necessary to adequately address the HAB – climate change issue. 
 
We thank the Reviewer for their many important comments and suggestions, many of which we have incorporated 
into our substantially revised Manuscript. We believe that this revised Manuscript does make a substantial 
contribution to the literature and will stimulate comment and future scientific research in the area of HABs and 
anthropogenic climate change. 
  
 
 
Editors-in-Chief 
Philippe Grandjean and David 
Ozonoff
 
Title  Environmental controls, oceanography and population dynamics of pathogens 
and harmful algal blooms:  connecting source to human exposure 
Author(s) Dyble et al. 
Referee’s name  Sandra McLellen 
 
 
General comments:  Overall, a very useful review of this topic with the latest studies. 
Major compulsory revisions: 
Page 7: “Human activities can also complicate matters by introducing substances such as antibiotics into the 
environment that affect growth and toxin production.”  This sentence is unsubstantiated in terms of potential effects of 
antibiotics, since it is relatively unknown if environmental concentrations exert effects similar to what comes to mind 
with traditional antibiotic resistance pressures and effects the reader might assume this statement is referring to (e.g. 
in culture, or in vivo).  I would suggest broadening the statement to include other compounds (e.g. nutrients, or 
chemicals that might be bacterialcidal, etc.), and qualify that the interactions of these compounds at environmental 
concentrations may interact, or their interactions are unknown.   
 
Page 10: Sensitivity seems to be used in two different contexts within this paragraph; e.g. sensitivity analysis does not 
give information on the sensitivity of the model.  The two types of sensitivity (sensitivity of parameters, and the overall 
sensitivity of the model) may need clarification.  
 
Page 11: In the statements: 
 “Unnecessary beach closings due to the detection of indicator organisms under current regulatory monitoring are 
costly and inconvenient but, on the other hand, maintaining beaches open during contamination events can result in 
adverse human health impacts.”  I would suggest explaining why beach closing are sometimes unnecessary with high 
indicator levels.  For the second part of the sentence, I would dedicate a separate sentence to expand upon this and 
explain that pathogens may be present in the absence of elevated indicator levels, since they may persist longer than 
indicators, or be present, but at low concentrations, following dilution effects. 
 
Page 12:  For the model example, is there data on how well the model predicted enterococci levels? 
 
Pages 11-13: It might be worth mentioning that the largest waterborne outbreak was in Milwaukee, WI in 1993.  The 
sources, weather events, lake conditions, etc, all played a role in delivering pathogens to the water intakes.  All the 
other examples are HABS, or indicators at beaches, examples seem to be missing a statemnt on pathogens. 
 
Page 14: space and time section opening paragraph: Pathogens generally don’t grow, and die off/disappearance is a 
bigger issue in terms of sampling in space and time.  This should be included along with abundance and growth.   
 
Page 19-20: paragraph on beaches with non-point sources.  There should be some information about beaches with 
point sources as the contrasting example, however, beaches with know point sources also have some similar 
challenges as the non-point sources.   
 
Page 24-25: SC tidal creek modeling: It might be useful to emphasize the link between human health and information 
from tidal creeks. There is one statement as the second from the last sentence (For this case study, the model has 
been limited to key parameters related to microbial and chemical contamination and related impacts), but the 
emphasis on health could be stated at the beginning of the paragraph or a broad concluding statement at the end.   
 
Minor comments: 
 
Page 4: comma after seafood 
Page 5: comma after ecology 
 
Page 5: “skill” implies experience gained or learned ability, which does not apply to a model, but rather a person.  
“Ability of the model” or “accuracy of the model”, etc. seems more appropriate. 
  
Page 5: E. coli, spell out at first usage, “Enterococcus” should be “enterococci”, unless specific species were 
measured, than those should be specified and genus and species (enterococci usually refers to the indicator) 
 
Minor comments continued: 
Page 10: buoy systems, and/or ocean observing systems should also be mentioned with model validation, along with 
observational surveys and fieldwork.  It is noted in the figure, but should be in the text. 
 
Page 11: In the statements 
“has shown that water from this source contributes significant amounts of E. coli and associated bacteria to the near 
shore beach areas of southern Lake Michigan” Please specify what source (a river?) 
 
“To protect human health among beach users in this area researchers have developed a coupled model that 
incorporates models of near-shore hydrodynamics, hydrological input, near field mixing, pathogen loading (through 
tributaries, non-point sources and resuspension), and bacterial fate and transport in order to assess the need for 
beach closures in this area”.  “In this area” is redundant. 
 
Page 13: “Hawai’i”?? should this be: Hawai′i? 
 
  
 
 
Editors-in-Chief 
Philippe Grandjean and David 
Ozonoff
 
Title  Environmental controls, oceanography and population dynamics of pathogens 
and harmful algal blooms:  connecting source to human exposure 
Author(s) Dyble  et al. 
Referee’s name  J Icarus Allen 
 
General comments:  
The main message of the paper is the three scientific challenges indentified by the authors to make the connection 
between pathogens/HABs and human health. These are, 
 1)      Predicting concentrations and toxicity 
2)      Indentifying the spatial and temporal scales of population and ecosystem interactions. 
3)      Applying understanding of population dynamics of pathogens/HABs to management strategies. 
These are perfectly appropriate and laudable aims and require the kind of multidisciplinary approach outlined in the 
paper to use integrated modelling and observations to test strategies for managing risk to human health.  The basic 
message of the paper is both clear and highly relevant. The paper is generally well written, comprehensive, clear and 
coherent and I recommend publication with discretionary revisions: 
 
I offer the following thoughts and comments on the manuscript which to authors may wish during its final revision. 
  
In general the paper perhaps poses more questions than it answers. While I accept some of the problems posed are 
not answerable with current technology and knowledge, some thoughts and pointers on how to proceed might not go 
amiss. In general each of the sections explains the problem gives some examples but lacks a concluding comment to 
provide some resolution leaving the reader hanging. 
  
The paper focuses on prediction. However there is another role of model which is to use them to test ideas and 
improve understanding of the systems in question. There is often a tension between models to enhance knowledge 
and simulation models which my get the right answer for the wrong reason. I would like to see some reference to the 
use of models to enhance understanding; some of the examples allude to this but it’s not explicit. Putting aside 
predictions a mechanistic understanding of the processes is often a pre requisite to the successful management of a 
system. 
  
The notion whole system model is fine but we have to bear in mind that any model is a simplified abstract 
representation of the system in question and that models can only be constructed at the levels at which there is 
information; what is referred to in systems biology as the middle out approach. Here information which allows process 
modelling is as just important as that required to observe the state of the system. Maybe some discussion of how we 
can bring more mechanistic understanding into the models would help strengthen the message. 
 
The authors quite rightly recognise the mismatch in time and space scales of the range of processes involved 
(pathogens to ecosystems etc.) and the issue of sampling at appropriate scales. The section on space and time 
scales (p15-19) explains the issues and gives examples, and then it rather leaves the reader hanging. There is no 
conclusion or suggestions for the way forward.   
  
The section on models and observations is very detailed. One thing that is missing is more detail or perhaps a 
summary (table?) of the major observational requirements to build models. 
  
Minor comments: 
 
There is no mention of data assimilation, which may provide a method of improving forecast skill given adequate data 
collection. 
  
There is no discussion of the cultural changes that may be required to bring together the different groups who are 
stakeholders in these activities. 
 
Figure 2. The model circle in the Venn diagram could be augmented with an indication of the types of model 
approaches that are relevant (as done for the field and lab circles). 
 RESPONSE TO REVIEWS 
 
 
Dear Editor,  
    We have received your helpful suggestions for revising and improving the attached manuscript.  We have taken 
each of them into consideration and below are our responses and references to the alterations in the text.  Thank you 
for your consideration of this manuscript. 
 
Sincerely, 
Juli Dyble   
 
RESPONSE TO REVIEWER 1 
 
Major compulsory revisions: 
Page 7: Human activities can also complicate matters by introducing substances such as antibiotics into the 
environment that affect growth and toxin production.  This sentence is unsubstantiated in terms of potential 
effects of antibiotics, since it is relatively unknown if environmental concentrations exert effects similar to 
what comes to mind with traditional antibiotic resistance pressures and effects the reader might assume this 
statement is referring to (e.g. in culture, or in vivo). I would suggest broadening the statement to include 
other compounds (e.g. nutrients, or chemicals that might be bacterialcidal, etc.), and qualify that the 
interactions of these compounds at environmental concentrations may interact, or their interactions are 
unknown. 
 
Response:  We agree with the author that there are many unsubstantiated claims about the potential impacts of 
antibiotics and as this is not at all a focus of our manuscript, have chosen to remove the reference to them.  We 
included other compounds for which there are some known effects, though qualified that the interactions between 
them may still be uncertain. 
 
 
Page 10: Sensitivity seems to be used in two different contexts within this paragraph; e.g. sensitivity analysis 
does not give information on the sensitivity of the model. The two types of sensitivity (sensitivity of 
parameters, and the overall sensitivity of the model) may need clarification. 
 
Response: We were not clear on the definition of ‘sensitivity.’  We have replaced ‘sensitivity’ with ‘accuracy’ to 
describe how well model predicts outcomes and chose different wording to describe how the dependence of the 
model on input parameters is quantified. (top of pg. 10) 
 
 
Page 11: In the statements: Unnecessary beach closings due to the detection of indicator organisms under 
current regulatory monitoring are costly and inconvenient but, on the other hand, maintaining beaches open 
during contamination events can result in adverse human health impacts. I would suggest explaining why 
beach closing are sometimes unnecessary with high indicator levels. For the second part of the sentence, I 
would dedicate a separate sentence to expand upon this and explain that pathogens may be present in the 
absence of elevated indicator levels, since they may persist longer than indicators, or be present, but at low 
concentrations, following dilution effects. 
 
Response: Sentences were added to both explain why beach closings may be unnecessary during high indicator 
levels due to the delay in analysis time as well as describe the disconnect that can occur between the concentration 
of indicators and actual pathogens.  (middle of pg. 11). 
 
 
Page 12: For the model example, is there data on how well the model predicted enterococci levels? 
 
Response:  The model simulating enterococci on the beach in Miami is still in development.  Thus far, the model has 
just been used to study pathogen loading and there is not yet good data on how well the model predicts enterococci 
levels.  A sentence explaining this was added.  (end of first paragraph, pg.13) 
 
 
Pages 11-13: It might be worth mentioning that the largest waterborne outbreak was in Milwaukee, WI in 1993. 
The sources, weather events, lake conditions, etc, all played a role in delivering pathogens to the water 
intakes. All the other examples are HABS, or indicators at beaches, examples seem to be missing a statement 
on pathogens. 
  
Response: We agree that the Milwaukee Cryptosporidium outbreak is a good example of the direct impact of 
pathogens on human health through drinking water.  We have included this event in the manuscript and described 
some of the factors that contributed to this outbreak.  (top of pg. 12). 
 
 
Page 14: space and time section opening paragraph: Pathogens generally don’t grow, and die 
off/disappearance is a bigger issue in terms of sampling in space and time. This should be included along 
with abundance and growth. 
 
Response:  The conventional thought is that pathogens do not grow in the environment and this is generally true for 
viral and protozoan pathogens.  However, bacterial indicators can regrow in the environment and bacterial pathogens 
are believed to regrow in foods, and so there is a possibility for bacterial pathogen regrowth in the environment as 
well.  To account for this, we have removed the terms “and growth” and will use the word ‘abundance’ to imply both 
regrowth and die-off. (bottom of pg. 15).  We talked previously in the manuscript (top of pg. 9) about the role of die-off 
and deposition.   
 
 
Page 19-20: paragraph on beaches with non-point sources. There should be some information about beaches 
with point sources as the contrasting example, however, beaches with known point sources also have some 
similar challenges as the non-point sources. 
 
Response: We agree that a contrasting example of beaches with point sources would be useful and have included 
some of the key challenges in working with this type of situation as well as an example from a pertinent project being 
conducted by an OHH researcher, Phil Roberts, on Mamala Bay, Hawai’i  (top of pg. 21) 
 
 
Page 24-25: SC tidal creek modeling: It might be useful to emphasize the link between human health and 
information from tidal creeks. There is one statement as the second from the last sentence (For this case 
study, the model has been limited to key parameters related to microbial and chemical contamination and 
related impacts), but the emphasis on health could be stated at the beginning of the paragraph or a broad 
concluding statement at the end. 
 
Response: This link between human health and tidal creeks as sentinels was strengthened by stressing their role in 
connecting non-point source pollution from coastal development and pathogen loading to shellfish beds, etc and how 
modeling these tidal creeks can provide valuable data for human health.  (top of pg. 26) 
 
 
Minor comments: 
 
Page 4: comma after seafood 
Page 5: comma after ecology 
 
Response: These commas have been added. 
 
 
Page 5: skill implies experience gained or learned ability, which does not apply to a model, but rather a 
person. Ability of the model or accuracy of the model, etc. seems more appropriate. 
 
Response: The term ‘skill’ was removed and replaced with ‘to validate model predictions’ in order to be more 
appropriate. 
 
 
Page 5: E. coli, spell out at first usage, Enterococcus should be enterococci, unless specific species were 
measured, than those should be specified and genus and species (enterococci usually refers to the indicator) 
 
Response: E. coli was changed to Escherichia coli on pg. 5.  Enterococcus was replaced with enterococci throughout 
the manuscript. 
 
 
 
RESPONSE TO REVIEWER 2 
  
 The main message of the paper is the three scientific challenges indentified by the authors to make the connection 
between pathogens/HABs and human health. These are, 
  
1)      Predicting concentrations and toxicity 
2)      Indentifying the spatial and temporal scales of population and ecosystem interactions. 
3)      Applying understanding of population dynamics of pathogens/HABs to management strategies. 
  
These are perfectly appropriate and laudable aims and require the kind of multidisciplinary approach outlined in the 
paper to use integrated modelling and observations to test strategies for managing risk to human health.  The basic 
message of the paper is both clear and highly relevant. The paper is generally well written, comprehensive, clear and 
coherent and I recommend publication. 
  
I offer the following thoughts and comments on the manuscript which to authors may wish during its final revision. 
  
In general the paper perhaps poses more questions than it answers. While I accept some of the problems posed are 
not answerable with current technology and knowledge, some thoughts and pointers on how to proceed might not go 
amiss. In general each of the sections explains the problem gives some examples but lacks a concluding comment to 
provide some resolution leaving the reader hanging. 
 
The point of the manuscript is to demonstrate the many challenges that exist in connecting pathogens and HABs to 
human health and offer modeling as means of strengthening those connections.  We are describing modeling as an 
approach, complete with some of the strengths and pitfalls, and give some examples of how these approaches have 
been applied, but leave it to the readers to take this approach and use it creatively to address these issues. 
  
 
The paper focuses on prediction. However there is another role of model which is to use them to test ideas and 
improve understanding of the systems in question. There is often a tension between models to enhance knowledge 
and simulation models which my get the right answer for the wrong reason. I would like to see some reference to the 
use of models to enhance understanding; some of the examples allude to this but it’s not explicit. Putting aside 
predictions a mechanistic understanding of the processes is often a pre requisite to the successful management of a 
system. 
 
We agree with this comment by the reviewer.  In addition to discussing the role of models in prediction, we also 
describe how modeling approaches can help understand variability in aquatic systems (pg. 15-16) and guide sampling 
efforts (pg. 19-20), both of which can be essential to making decisions about the system.  We added more explicit text 
describing the role of models for understanding the system in the introduction (pg. 4-5). 
  
 
The notion whole system model is fine but we have to bear in mind that any model is a simplified abstract 
representation of the system in question and that models can only be constructed at the levels at which there is 
information; what is referred to in systems biology as the middle out approach. Here information which allows process 
modelling is as just important as that required to observe the state of the system. Maybe some discussion of how we 
can bring more mechanistic understanding into the models would help strengthen the message. 
 
We agree that there is a role for modeling beyond just describing how the state of the system changes in response to 
a given set of parameters (e.g. through statistical correlations).  Modeling can also be used to understand the 
processes and mechanisms by which this effect occurs and point out those processes that we don’t yet know enough 
about to model.  We discuss the potential use of models to understand the mechanisms behind pathogen outbreaks 
and HAB blooms, including modeling at small scales to describe the role of nutrient diffusion, availability and uptake 
by a cell in cell growth (bottom of pg. 6).  We also talk about using modeling as a means to point out holes in our 
knowledge of the system and where we need more information for adequate understanding and new insight (pg. 10).  
We have added text (pg. 10) to discuss the role of models in developing mechanistic understanding more explicitly.  
  
 
The authors quite rightly recognise the mismatch in time and space scales of the range of processes involved 
(pathogens to ecosystems etc.) and the issue of sampling at appropriate scales. The section on space and time 
scales (p15-19) explains the issues and gives examples, then it rather leaves the reader hanging. There is no 
conclusion or suggestions for the way forward.   
  
A major focus of the manuscript is to discuss some of the challenges of linking sources to human health, but we agree 
with the reviewer that for this section, we weigh in heavily on the challenges and do not discuss how modeling 
addresses these challenges as thoroughly.  There is already some discussion of this on pg. 20 in which it is described 
how models guide sampling efforts in patchy environments.   This paragraph has been expanded to give further 
 suggestions on how modeling approaches have been used to address this issue, particularly the use of Observing 
System Simulation Experiments (OSSEs) (pg. 24). 
 
A section on evaluating the use of models to address the problems of scale mismatching was added (pg. 23-24).  
Models do not solve problems of scale mismatching, rather the selection and use of a model (for example choice of 
grid resolution, or choice of algorithms) implicitly specify the scales that will be represented in solutions.  Models can 
be used to evaluate the scale that is appropriate for sample.  Thus the key to successful modeling is to critically 
examine model results against observations and to make necessary modifications in order to achieve a proper match 
of scales between model simulations and dominant prototype processes. 
 
 
 
The section on models and observations is very detailed. One thing that is missing is more detail or perhaps a 
summary (table?) of the major observational requirements to build models. 
 
One can determine the observational requirements for a chosen model application, or one can build a model to 
describe a given set of observations. Typically the sequence is: a set of observations are obtained based on which 
type of model is selected to describe certain features of the data, and finally a determination is made of the additional 
data needed in order to make the model work.  Thus we believe the reviewer’s suggestion is not feasible as stated 
(that is determine observational requirements for unspecified general models).  In our opinion, the range of 
approaches to observations and models relevant to human health is so broad that a summary table would not be 
useful in this context.  In order to be complete, such a table would either have to be either extremely detailed and 
inclusive, or very broad and generic.  The former is impractical to present in this review, and the latter so general that 
its utility would be muted.  Would it be desirable to describe observational requirements for certain known models? 
Maybe so, but that would be an entire paper in itself and would have to focus on specific model(s). 
 
 
There is no mention of data assimilation, which may provide a method of improving forecast skill given adequate data 
collection. 
 
Data assimilation is one of many techniques that can be used to improve model predictions.  We have included a 
discussion on data assimilation on pgs. 22-23.  
  
  
There is no discussion of the cultural changes that may be required to bring together the different groups who are 
stakeholders in these activities. 
 
Cooperation between groups from multiple disciplines and between researchers and stakeholders is important in 
applying these modeling approaches in meaningful ways.  This has been included briefly in the conclusions section 
(pg. 29), but an in depth discussion of what changes are necessary to bring these groups together further is outside 
the scope of this paper.   
 
 
Figure 2. The model circle in the Venn diagram could be augmented with an indication of the types of model 
approaches that are relevant (as done for the field and lab circles) 
 
The model circle in Figure 2 has been modified to include three relevant types of model approaches.   
  
 
Editors-in-Chief 
Philippe Grandjean and David Ozonoff
 
      
 
Title  Linking the oceans to public health:  current efforts and future directions 
Author(s)  Kite-Powell et al. 
Referee’s name  Robert Bowen 
 
Summary comments 
 
Overall, this paper, when viewed section by section, provides an excellent review of the literature connecting marine 
environmental conditions to human health impacts.  As such is can be viewed as one of the better, well substantiated 
and supported reviews of the literature.  I believe, therefore, that it could be published without change. 
 
However, at a different level the paper can viewed as falling short on the success it brings to the kind of intellectual 
integration as called for and does not take full advantage of certain opportunities for more rigorous treatment of clear 
opportunities for deeper analysis that this talented group of researchers bring to the table.  In short, I feel the paper 
well exceeds the value threshold to be published as is.  However, I offer a series of discretionary modifications that, if 
accepted, I believe would take the paper to next level of value. 
 
 
Discretionary revisions 
 
Accordingly, this review will focus upon the degree to which this quite excellent review of critical themes embedded 
within the “new scientific discipline” of the Ocean and Human Health provides a valuable and uniquely independent 
contribution to that literature.  My summary is that with certain modifications is that it does. 
 
This reviewer fully concurs with the assertion made by Kite-Powell, et al. that the integrated studies relating ocean 
systems change and human health constitutes an area of inquiry maturing to point of a discipline.  Given that 
agreement this review will focus less on the specifics of the arguments presented in each of the sections and more on 
the degree to which the paper, as constructed, (i) can be viewed as an independent and positive contribution to the 
disciplinary literature, and, (ii) succeeds in meeting the goals established for the paper in the “Abstract” and 
“Background” sections of the paper.  In short, this review will not address the question of what has been left out of this 
survey paper (out of clear need and obvious constraints there are numerous disciplinary themes that could not be 
included) but, rather, will assess the degree to which what is included builds an effective and well supported 
independent whole. 
 
This review will focus on three areas of critique.  First, does the paper argue well and clearly that the themes in focus 
“capture[s] the major connections”?  Second, does the overall organization of the paper provide a sufficiently well 
organized and understandable argument (particularly for an audience who may be new to the argument for a new 
scientific discipline)?  And, third, does the paper sufficiently address a core goal as stated in the early pages of the 
“Background” sections; that is, the degree to which it successfully addresses “implications for management measures 
and future research priorities”. 
 
I will close this initial part of the review with a call for a new title.  The current “Linking the oceans to public health: 
Where is the “human health” in “oceans and human health”?, is confusing and does not well represent the argument 
or structure of the paper.  Indeed, when I first accepted the assignment of reviewer I only had the title and I had 
anticipated that the paper I was to receive would argue that there was no real issue with human health in the “ocean 
and human health”.  The paper, obviously argues the contrary.  Titles are always a challenge; however, this particular 
choice is problematic at best. 
Does the oaper “capture major connections” 
 
Any paper taking on the role of a survey paper holds a responsibility to clarify to the reader why certain topics have 
been included while others necessarily omitted.  Here, the paper is, I fear, lacking.  As constructed the topics of focus, 
while all of vital interest and clearly applicable, lack a framework allowing the reader to anticipate how these issues 
connect and why the authors have chosen to present them as “major concerns”.  This challenge can be easily 
addressed by an expansion of the introductory sections.  For example, several papers included in this volume of 
 Environmental Health emerged from a meeting of principles of the NSF, NIEHS and NOAA Oceans and Human 
Health (OHH) Centers.  While that point is acknowledged in the overall Introduction to this volume of Environmental 
Health the fact should be re-stated within this paper.   One assumes that the choice of included topics is, at least, 
influenced by the priority themes of the OHH Centers’ mandate. 
 
Further, while an early assertion of the paper is that “global change should be seen as a potentially pervasive factor 
influencing the future of all connections between ocean and human health” the treatment of that theme is 
parsimonious.  It would be of value for the authors to acknowledge that the kind of large scale social change at the 
global level holds within it the probability that all the themes detailed within the body of the paper will escalate in the 
near future.  As development pressures evolving from economic globalization (particularly economic growth within the 
developing world) impose intensifying consequences on the environment, both the social costs and benefits will 
magnify in response.  While this argument need not be treated in detail it would support the argument that the issues 
within the paper are likely to be increasingly important in future.   
 
One final point on “connections”.  Figure 1 is marginally useful, at best.  Here, the authors might find greater value in 
referencing another framework developed by the World Health Organization to generally assess the same theme.  As 
this new discipline evolves there are times to reference and embrace existing work as sufficient to illustrate certain 
large thematic points.  I suggest this is one of those opportunities.  The WHO figure can be found at: 
 
http://www.who.int/globalchange/en/ 
 
While the WHO figure is not a perfect fit for the all the points made by the authors it does represent an effective tool to 
illustrate and to critique its value.  This preference to build on existing and relevant work is a general point to which I 
will return. 
 
 
Overall organization 
 
The paper is in clear need of additional organization or, minimally, a clearer statement to the reader that various 
sections are held together by a common analytical thread (more than simply relating to the Ocean and Human 
Health).  Clarifying the analytical approach embraced by the authors would be welcome.  For example, statements 
arguing that the sections attempt to assess both the costs and benefits to human health and well-being of ocean 
systems would be appropriate.  More importantly, language providing a clearer roadmap of the pathway populated by 
the sections would be equally welcome.  One overly simple suggestion way would be to assert that the paper is 
structured to assess the human health influences of ocean dynamics according to: 
◊ 
◊ 
◊ 
◊ 
◊ 
the physical stresses to ocean and coastal systems (climate themes and coastal flooding; 
 those driven by biology and ecosystem dynamics (e.g., HABs and others); and, 
 those challenges primarily due to chemical contamination of coastal and marine systems. 
 
Admittedly, there are other organizational frameworks that may make as much or more sense.  However, as it 
currently stands the paper lacks a clearly integrated storyline.  
 
Management measures and research priorities 
 
While I concur fully that there is a need to “discuss future research priorities in oceans and human health as a new 
scientific discipline” the treatment of that point is minimally addressed in the current piece.  This omission could be 
dealt with references to other pieces specifically addressing that theme.  Two easily come to mind, but neither is 
referenced: 
 
"The Ocean and Human Health" a special volume of Marine Pollution Bulletin   contains the “Oristano 
Declaration” Vol. 52, Issues 10-12 (2006): 539-544, which is an effort to outline essential themes in need of 
addressing by both the policy and research communities; 
 
Anthony Knap, Eric Dewailly, Chris Furgal, Jennifer Galvin, Dan Baden, Robert E. Bowen, Michael Depledge, 
Linda Duguay, Lora Flemming, Tim Ford, Fredricka Moser, Richard Owen, William A. Suk, Umit Unluata, 
“Indicators of Ocean Health and Human Health: A Research Framework,” Environmental Health 
Perspectives.  Vol. 110, No. 9 (2002): 839-845 concludes with a structured research course. 
 
And, while I realize pointing out these two references would well be viewed as self-serving I do believe that both are 
quite legitimate efforts to outline the parameters of an integrated research agenda of the kind inferred by the authors.  
I suggest that a more effective approach in the current effort could be to review the conclusions of these two 
documents and offer a critique (or support) for the research agenda outlined therein.  Again, this point is directed at 
building upon the existing integrating literature of this nascent discipline.   
  
An approach of additional – or even greater - value would be a critique by the authors on the point of whether or not 
the current priority funding for the OHH centers is sufficient to provide the kind of integrated perspective on the Ocean 
and Human Health appropriately argued by the authors.  This group of authors is uniquely qualified to make informed 
recommendation on this point.  Indeed, of all the points made in these “Discretionary Revisions” it is this lost 
opportunity that could move this paper to the “essential reading” category.   
 
  
 
Editors-in-Chief 
Philippe Grandjean and David Ozonoff
 
      
 
Title  Linking the oceans to public health: current efforts and future directions 
Author(s) Kite-Powell  et al. 
Referee’s name  Eric Dewailly 
 
 
 
It is a good review, well written and useful. My comments are the following: 
 
•  P 3: the intro and abstract do not mention benefit aspects.  
•  P3 Second bullet: I am not sure that Hg effects are better understood than pathogen ones. POPs 
mechanisms are not very well known. I would suggest not top separate so clearly the two categories but 
instead, give example about what is well known and what is not.  
•  P 5: Para 2, line 10: I would add pharmaceutical  
•  P6 I would add few lines on vulnerability or susceptibility of islanders and coastal population to environmental 
and climate changes 
•  P 7 I dont understand what is the cited reference style (numbers, names). See editor  
•  P8 para 3. L 10. Instead of giving an example with arsenic (drinking water),  mercury in water and seafood will 
be a better example 
•  P 13 some references are missing  
•  P 14 last. Why this precision about … NIEHS funded… ? 
•  P 16. I am surprised about the emphasis about the importance of bacteria shed by bathers. Fecal 
contamination in recreational waters are, by far, from sewages.  
•  P 17: para 2 L 3. It seems that this phrase about flood frequency is more than expected… . 
•  P 23. Para 1 L 2: lean protein?. Para 2 L 4 seaweed is not a common source of n-3 PUFA intake. L 7 add a 
“s”  PUFAs.    Use EPA for eicosapentaenoic acid not EA. 
•  P 24. Para 1. The role of n-3 FA in gestational age or foetal growth  is more conclusive than stated 
•  Para 2 . why using those references (19, 20… .) from the grey literature, there is plenty of example published in 
peer review journals. ) 
•  P 26 give reference of FAO for fish consumption data by country 
•  P 26 I don’t see the usefulness of these methodological consideration about FFQ etc… if you keep it , then 
should include a section on body burden biomarkers (n-3 FA, Hg, etc… )   
•  P 34. I would add one sentence about human resiliency  
 
Good Luck. Nice paper 
 
 RESPONSE TO REVIEWS 
 
 
 
RESPONSE TO REVIEWER 1 
 
 Comments are the following: 
 
• P 3: the intro and abstract do not mention benefit aspects.  
 
The abstract mentions “both positive and negative exposures and health effects” (p. 3), and the Background 
section explicitly mentions and lists positive health effects (p. 5). 
 
• P3 Second bullet: I am not sure that Hg effects are better understood than pathogen ones. POPs 
mechanisms are not very well known. I would suggest not top separate so clearly the two categories but 
instead, give example about what is well known and what is not.  
 
We have removed the reference to heavy metal contamination of seafood.  The revised sentence (p. 3) 
reads: “Some risks, such as the acute effects caused by toxins associated with shellfish poisoning and red 
tide, are relatively well understood.” 
 
• P 5: Para 2, line 10: I would add pharmaceutical  
 
We have added this.  The revised sentence (p. 5) reads: “Depending on the nature of the exposure and the 
characteristics of the exposed populations, this exposure leads to health effects that may be negative (e.g., 
gastro-intestinal illness, toxic poisoning, drowning) or positive (e.g., nutritional benefits of seafood, health 
benefits from marine recreation or from marine-derived pharmaceuticals).” 
 
• P6 I would add few lines on vulnerability or susceptibility of islanders and coastal population to 
environmental and climate changes 
 
We have added a sentence (p. 6): “Some populations, such as islanders and coastal groups that depend 
heavily on local marine resources, may be particularly vulnerable to health effects from this kind of change.”   
 
• P 7 I dont understand what is the cited reference style (numbers, names). See editor  
 
The citation style uses numbers [n] referring to the list of references.  We use names in addition to these 
numbers in certain instances only for improved readability. 
 
• P8 para 3. L 10. Instead of giving an example with arsenic (drinking water),  mercury in water and seafood 
will be a better example 
 
We disagree with the contention that arsenic is an inappropriate example here.  We have modified the 
sentence (p. 8) to read: “There are also naturally-occurring water-borne chemical toxicants and pathogens 
that can adversely affect people who use the water; these include arsenic and vibrios.”   
 
• P 13 some references are missing  
 
We have added the following reference: Backer LC, Fleming LE: Epidemiologic tools to investigate oceans 
and public health. In Oceans and Human Health: Risks and Remedies from the Sea. Edited by Walsh PJ, 
Smith SL, Fleming LE, Solo-Gabriele H, Gerwick WH.  New York: Elsevier Science Publishers, 2008:201-218. 
 
• P 14 last. Why this precision about … NIEHS funded… ? 
 
The reference to NIEHS has been removed.  The revised text (p. 15) reads: “In human epidemiologic studies, 
a significant increase in self-reported respiratory symptoms...” 
 
• P 16. I am surprised about the emphasis about the importance of bacteria shed by bathers. Fecal 
contamination in recreational waters are, by far, from sewages.  
 
The bacteria shedding example is described not so much for emphasis, but as an example of an issue that 
has only recently been investigated.  An introductory sentence has been inserted (p. 14) to clarify this, as 
 follows: “The following paragraphs describe case studies focusing on two recently studied “new” issues in the 
linkage between oceans and human health: aerosolized brevetoxins and bacteria shed by bathers.” 
 
• P 17: para 2 L 3. It seems that this phrase about flood frequency is more than expected… . 
 
We have removed this phrase.  The revised sentence (p. 17) reads: “Flood impacts can be mitigated by 
infrastructure (e.g., levees, dams) or institutional measures (e.g., building restrictions, insurance).”   
 
• P 23. Para 1 L 2: lean protein?. Para 2 L 4 seaweed is not a common source of n-3 PUFA intake. L 7 add a 
“s”  PUFAs.    Use EPA for eicosapentaenoic acid not EA. 
 
We have made these changes, as suggested.  The revised text (p. 23) reads: 
 
Although seafood may accumulate contaminants from natural toxins and toxicants, there are 
numerous health benefits from seafood consumption.  Seafood, both finfish and shellfish, is an 
important source of protein, essential fatty acids, and micronutrients (such as Vitamin D, iron, zinc, 
selenium, and iodine).  In the U.S., approximately 4% of total protein intake currently comes from fish 
and shellfish [53].   Compared to other foods that are high in protein (such as meats, poultry, and 
dairy), seafood contains relatively low levels of calories and saturated fat.  In summary, seafood is an 
important source of essential nutrients for humans, and for many coastal and island populations, the 
major source of protein (see Seafood Case Study). 
 
Seafood is also an important source of essential polyunsaturated fatty acids (PUFAs), specifically 
omega-3 PUFAs. In particular, docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) are 
types of omega-3 PUFAs available to humans through seafood consumption [54]. The myriad health 
benefits of DHA and EPA have been studied in humans and other animals; these include benefits for 
the cardiovascular system, nervous system, development, and immune system [55, 56, 57, 58, 59, 
60].  Because of the strong beneficial effects from consuming omega 3 PUFAs, the American Heart 
Association recommends eating at least two servings of fish per week to prevent cardiovascular 
diseases [61].  EA and DHA supplementation is also recommended for patients with elevated 
triglycerides and/or coronary heart disease [61]. 
 
 
• P 24. Para 1. The role of n-3 FA in gestational age or foetal growth  is more conclusive than stated 
 
We have modified the sentence (p. 24) to read: “Most studies investigating connections between omega-3 
PUFA intake and birth outcomes (such as gestational age, fetal growth, and infant size) suggest that higher 
intake of omega-3 fatty acids may indeed improve birth outcomes [62, 63].” 
 
• Para 2 . why using those references (19, 20… .) from the grey literature, there is plenty of example published 
in peer review journals. ) 
 
We have replaced former reference [19] (Toy et al.) with the following: Judd, NL, Griffith WG, Faustman EM: 
Consideration of cultural and lifestyle factors in defining susceptible populations for environmental 
disease. Toxicology 2004, 198(1-3):121-133.  Reference [20] (US EPA) is considered the current and most 
extensive compendium of exposure values and references. 
 
• P 26 give reference of FAO for fish consumption data by country 
 
We have added the following reference: Food and Agriculture Organization of the United Nations, Fisheries 
and Aquaculture Department: The State of World Fisheries and Aquaculture – 2006. FAO, Rome, 2007. 
 
• P 26 I don’t see the usefulness of these methodological consideration about FFQ etc… if you keep it , then 
should include a section on body burden biomarkers (n-3 FA, Hg, etc… )   
 
This paragraph has been reduced (p. 26) to a single sentence: “A preferred tool to capture long-term 
consumption patterns is the food frequency questionnaire (FFQ), which obtains information on frequency and 
portion sizes of food items of interest over a defined period of time [68].” 
 
• P 34. I would add one sentence about human resiliency  
 
We have added a sentence (p. 33) as follows: “There is also growing interest in fostering the resilience of 
human coastal communities to short-term hazards and long-term changes [82].” 
  
 
 
 
 
RESPONSE TO REVIEWER 2 
 
I will close this initial part of the review with a call for a new title.  The current “Linking the oceans to public 
health: Where is the “human health” in “oceans and human health”?, is confusing and does not well 
represent the argument or structure of the paper.  Indeed, when I first accepted the assignment of reviewer I 
only had the title and I had anticipated that the paper I was to receive would argue that there was no real 
issue with human health in the “ocean and human health”.  The paper, obviously argues the contrary.  Titles 
are always a challenge; however, this particular choice is problematic at best. 
 
With thanks to the Reviewer, we have changed the title to “Linking the oceans to public health: current 
efforts and future directions” 
 
Any paper taking on the role of a survey paper holds a responsibility to clarify to the reader why certain 
topics have been included while others necessarily omitted.  Here, the paper is, I fear, lacking.  As 
constructed the topics of focus, while all of vital interest and clearly applicable, lack a framework allowing the 
reader to anticipate how these issues connect and why the authors have chosen to present them as “major 
concerns”.  This challenge can be easily addressed by an expansion of the introductory sections.  For 
example, several papers included in this volume of Environmental Health emerged from a meeting of 
principles of the NSF, NIEHS and NOAA Oceans and Human Health (OHH) Centers.  While that point is 
acknowledged in the overall Introduction to this volume of Environmental Health the fact should be re-stated 
within this paper.   One assumes that the choice of included topics is, at least, influenced by the priority 
themes of the OHH Centers’ mandate. 
 
The topics we focus on capture, in our view, the major categories of connections between the oceans and 
human health.  Much of the work cited in the paper (e.g. on the topic of flooding) is not directly related to 
current projects or priority themes of the OHH Centers, although we hope that we present new directions for 
the OHH Centers and other researchers in oceans and human health.  We acknowledge (p. 6) that ours is 
“not an exhaustive list of all linkages between the oceans and public health,” but we do not believe that we 
have omitted any major categories of such linkages.  See also our response to the reviewer’s point on 
organizational framework, below. 
 
Further, while an early assertion of the paper is that “global change should be seen as a potentially pervasive 
factor influencing the future of all connections between ocean and human health” the treatment of that theme 
is parsimonious.  It would be of value for the authors to acknowledge that the kind of large scale social 
change at the global level holds within it the probability that all the themes detailed within the body of the 
paper will escalate in the near future.  As development pressures evolving from economic globalization 
(particularly economic growth within the developing world) impose intensifying consequences on the 
environment, both the social costs and benefits will magnify in response.  While this argument need not be 
treated in detail it would support the argument that the issues within the paper are likely to be increasingly 
important in future.   
 
We make precisely the point the reviewer suggests we should in the paper (p. 6): “We conclude that global 
change should be seen as a potentially pervasive factor influencing the future nature of all connections 
between oceans and human health.” Of note, there is a separate manuscript in this group of OHH Center 
inspired manuscripts which focuses on global change, particularly in relation to harmful algal blooms. 
 
One final point on “connections”.  Figure 1 is marginally useful, at best.  Here, the authors might find greater 
value in referencing another framework developed by the World Health Organization to generally assess the 
same theme.  As this new discipline evolves there are times to reference and embrace existing work as 
sufficient to illustrate certain large thematic points.  I suggest this is one of those opportunities.  The WHO 
figure can be found at: 
 
http://www.who.int/globalchange/en/ 
 
While the WHO figure is not a perfect fit for the all the points made by the authors it does represent an 
effective tool to illustrate and to critique its value. 
 
 We have reviewed the WHO figure, and while we agree that it is useful in illustrating a wider set of 
connections, it is indeed not a perfect fit for the main points we seek to make in this paper.  We prefer to 
retain the original figure in the manuscript. 
 
The paper is in clear need of additional organization or, minimally, a clearer statement to the reader that 
various sections are held together by a common analytical thread (more than simply relating to the Ocean 
and Human Health).  Clarifying the analytical approach embraced by the authors would be welcome.  For 
example, statements arguing that the sections attempt to assess both the costs and benefits to human health 
and well-being of ocean systems would be appropriate.  More importantly, language providing a clearer 
roadmap of the pathway populated by the sections would be equally welcome.  One overly simple suggestion 
way would be to assert that the paper is structured to assess the human health influences of ocean dynamics 
according to: 
‡  the physical stresses to ocean and coastal systems (climate themes and coastal flooding; 
‡   those driven by biology and ecosystem dynamics (e.g., HABs and others); and, 
‡   those challenges primarily due to chemical contamination of coastal and marine systems. 
 
Admittedly, there are other organizational frameworks that may make as much or more sense.  However, as it 
currently stands the paper lacks a clearly integrated storyline.  
 
We believe that the paper’s storyline and structure are well laid out in the Background section (p. 6), where 
we write: 
 
In the following sections, we provide brief reviews of the state of knowledge about human/public 
health outcomes associated with HABs, microbes, and chemical pollutants in the oceans; with 
flooding and inundation events; and with the consumption of seafood; and we review the implications 
for management measures and future research priorities.  While this is not an exhaustive list of all 
linkages between the oceans and public health, it captures the major connections.  We also discuss 
future research priorities in oceans and human health as a new scientific discipline. 
 
The three main components of the paper address what we see as the three major intersections of oceans and 
human health: exposure to biological and chemical factors in sea water, flooding events, and consumption of 
seafood. 
 
While I concur fully that there is a need to “discuss future research priorities in oceans and human health as 
a new scientific discipline” the treatment of that point is minimally addressed in the current piece.  This 
omission could be dealt with references to other pieces specifically addressing that theme.  Two easily come 
to mind, but neither is referenced: 
 
‡  "The Ocean and Human Health" a special volume of Marine Pollution Bulletin   contains the “Oristano 
Declaration” Vol. 52, Issues 10-12 (2006): 539-544, which is an effort to outline essential themes in need of 
addressing by both the policy and research communities; 
 
‡  Anthony Knap, Eric Dewailly, Chris Furgal, Jennifer Galvin, Dan Baden, Robert E. Bowen, Michael Depledge, 
Linda Duguay, Lora Fleming, Tim Ford, Fredricka Moser, Richard Owen, William A. Suk, Umit Unluata, 
“Indicators of Ocean Health and Human Health: A Research Framework,” Environmental Health 
Perspectives.  Vol. 110, No. 9 (2002): 839-845 concludes with a structured research course. 
 
And, while I realize pointing out these two references would well be viewed as self-serving I do believe that 
both are quite legitimate efforts to outline the parameters of an integrated research agenda of the kind 
inferred by the authors.  I suggest that a more effective approach in the current effort could be to review the 
conclusions of these two documents and offer a critique (or support) for the research agenda outlined 
therein.  Again, this point is directed at building upon the existing integrating literature of this nascent 
discipline.   
 
We have added the suggested references, and the following text (p. 27): 
 
The research directions outlined here build on other recent work on this topic, including a framework 
for research and monitoring articulated by an international group of researchers [69], and a set of 
priorities formalized in the “Oristano Declaration” at an international workshop on “Marine-based 
Public Health Risk” in Sardinia in 2003 [70, 2].  These earlier efforts took a global perspective on risks 
primarily from seafood and from direct exposure to marine water, and emphasized the importance of 
international cooperation on surveillance and risk assessment for changes in the marine environment 
  
and for human health effects.  They also called for research to focus on techniques for early detection 
and rapid assessment of marine environmental contaminants and risks. 
 
Our assessment of the implications for management of and research on human health effects from 
marine sources of risk is consistent with these prior efforts.  We take a slightly broader perspective on 
the spectrum of risks (e.g., explicitly including flooding events), and place greater emphasis on the 
social science work required to properly anticipate the human response to these risks, and to 
management and mitigation measures. 
 
An approach of additional – or even greater - value would be a critique by the authors on the point of whether 
or not the current priority funding for the OHH centers is sufficient to provide the kind of integrated 
perspective on the Ocean and Human Health appropriately argued by the authors.  This group of authors is 
uniquely qualified to make informed recommendation on this point.  Indeed, of all the points made in these 
“Discretionary Revisions” it is this lost opportunity that could move this paper to the “essential reading” 
category.   
 
We agree that this would be useful, but believe it is beyond the scope of our paper as presently conceived.  
This may be an appropriate topic to address in the introductory paper to the journal issue. 